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Original Communications 


THE IMPORTANCE OF DIFFERENCES IN THE POTENCY OF 
DIGITALIS IN CLINICAL PRACTICE* 


Joun Wyckorr, M.D., Harry Gop, M.D., anp Janet G. TRAVELL, M.D. 
New York, N. Y. 


_— twenty years ago Hatcher and Baily' compared the doses of 
one of the digitalis bodies as recommended by different authori- 
ties and found a variation in potency as great as 750 times between the 
largest and smallest dosage. When one considers, therefore, the con- 
ditions that prevailed before the advent of the biological methods of 
assay of digitalis, when there was no way for the physician to deter- 
mine in advance whether a specimen was active or inert, to say nothing 
of determining relative degrees of activity, one will indeed appreciate 
the progress that has since been made. The following recent experi- 
ence in this matter is significant. A few years ago studies on digitalis 
dosage were undertaken in the Adult Cardiae Clinie of Bellevue Hos- 
pital, and the plan was made to compare specimens of widely differ- 
ent activity. There was no difficulty in obtaining very active speci- 
mens of the crude digitalis leaf on the market, but none of low activity 
was readily available. It was only after the examination of a large 
number of specimens that one was found with a potency as low as 140 
milligrams to the cat unit. From this example one may perhaps over- 
estimate the advance that has been made, but it indicates nevertheless, 
that the average specimen of digitalis leaf on the market is quite 
active and, since the U. 8S. Pharmacopoeia directs a fixed activity 
(with a limited range) for the official digitalis, the physician is fairly 
certain to obtain potent digitalis if the specimen complies with the 
requirements of the U. 8S. Pharmacopoeia. This progress must be at- 
tributed in a large measure to the general application of bio-assay of 
the drug. The more recent literature dealing with digitalis dosage has 
become more intelligible because, while dosage has continued in most 
instances to be expressed in units of weight or measure, the potency of 

*From the Third (New York University) Medical Division of Bellevue Hospital 
and the Department of Pharmacology of Cornell University Medical College. 
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the specimens is frequently stated, affording in this way some basis of 
comparison of the experience of different workers. The Cardiae Clin- 
ics of the New York Tuberculosis and Health Association have adopted 
the plan of dispensing digitalis tablets in terms of their activity (eat 
units) rather than weight, though the equivalent in weight is stated. 

It is perhaps quite generally appreciated among physicians that the 
bio-assay of digitalis is an important determination but it is well 
known that the average physician makes little use of the data thus 
obtained, and an examination of the literature reveals the fact that at 
the present time there is a great deal of misunderstanding in regard to 
what use the physician should make of the results of this procedure. 
The need for accurate knowledge regarding the strength of digitalis 
was called to our attention with great force by the experience of the 
Committee* for the study of digitalis in pneumonia at Bellevue Hos- 
pital. In this communiecationt an effort is made to clarify some of the 
issues involved in the application of the bio-assay of digitalis to elini- 
eal practice, based upon some of the results obtained by this Commit- 
tee as well as upon the studies on digitalis dosage in the Adult Cardiae 
Clinie, both of which will be reported in detail at another time. 

Only those facts regarding the work of the Committee necessary for 
the present analysis will be considered in this report which involves a 
comparison of some of the data obtained with two preparations of 
digitalis used in a series of 248 patients with pneumonia. 

Two commercial preparations of dried digitalis leaf were used. Ae- 
cording to the statements on the labels, one, specimen ‘‘ A,’’ contained 
100 milligrams per eat unit and the other, specimen ‘‘B,’’ contained 65 
milligrams per cat unit. These statements of potency were at first 
assumed to be correct and the doses were calculated and administered 
on that basis. Specimen ‘‘A’’ was dispensed in the form of compressed 
tablets only; Specimen ‘‘B,’’ partly in tablets and partly in capsules 
that are supplied by the manufacturer. 

Table I shows the general plan of dosage employed in the study. At 
first patients were divided into three weight groups of 125, 150, and 
175 pounds respectively. The full dose for each group was calculated 
on the basis of approximately 0.15 cat unit per pound of body weight, 
so that the patients in the three groups were to receive a total dose 
of 18, 22, and 26 cat units respectively. The actual quantities of the 
drug by weight as seen in the table were smaller for the stronger than 
for the weaker preparation. The total quantity for each patient was 
divided into fractions of 30, 30, 15, 15, and 10 per cent respectively 

*The Committee was composed of representatives of the First (Columbia Univer- 
sity) Medical Division, the Second (Cornell University) Medical Division and the 
Third (New York University) Medical Division of Bellevue Hospital. 


7A preliminary discussion of this subject has been published in the J. A. M. A. 
94: 626, 1930. 
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and given at six hour intervals so that the full dose was administered 
in about twenty-four hours. If no toxie symptoms appeared a daily 
maintenance dose of two cat units was then continued. In the course 
of the work it became necessary for reasons that we shall presently see 
to reduce the size of the full dose (the smaller dose method of Table 1) 


TABLE I 


SHOWING TOTAL DOSES OF DIGITALIS FOR PATIENTS OF DIFFERENT WEIGHT GROUPS 
CALCULATED ON BASIS OF POTENCY STATED BY THE MANUFACTURER 


‘TOTAL DOSES 

“AVERAGE 125 LB. | AVERAGE 150 LB. | AVERAGE 175 LB. 

"Larger dose method | (18 G.U.) | (22 @.U.) GUD) 
Specimen ic’ hig .80 Gm. (27 gr. {2.20 Gm. (33 gr.)|2.60 Gm. (39 gr. 
Specimen ‘‘B’’ Gm. (18 gr.) [1.47 Gm. (22 gr.)|1.73 Gm. (26 gr. 


ABOVE 150 LB. 


METHOD AND PREPARATION 


BELOW 150 LB. 


“Smaller dose method =| (10 (12.5 6.0.) 
Specimen ‘‘A’’ 1.00 Gm. (15 gr.) 1.25 Gm. (18.75 gr.) 
Specimen ‘‘B”’’ 0.66 Gm. (10 gr.) 0.83 Gm. (12.5 gr.) 


(Cc. U.) Cat Units. 
TABLE IT 


SHOWING TOTAL DOSES OF DIGITALIS ACTUALLY RECEIVED BY PATIENTS IN 
DIFFERENT WEIGHT GROUPS ON TIIE BASIS OF THE TRUE POTENCY 


DOSES 


ee ae ee | AVERAGE 125 LB. | AVERAGE 150 LB. AVERAGE 175 Lb. 
Larger dose method C.U. 
Specimen ‘‘A’’ \(1.8 Gm. or 27 gr.) |(2.2 Gm. or 33 gr.) (2.6 Gm. or 39 gr.) 
36 C.U. 44 C.U. 52 U. 
Specimen ‘‘B’’ |(2.4 Gm. or 36 gr.) |(2.94 Gm. or (3.46 Gm. or 
44 gr.) gr.) 
Smaller dose method 10 C.U. | 
Specimen ‘‘A’’ | (1.0 Gm. or 15 gr.) (1.25 Gm. or 18.75 gr.) 
20 C.U. 25 ¢. U0 


Specimen ‘‘B’’ (1.32 Gm. or 20 gr.) 


and only two weight groups were then considered, those under 150 
pounds receiving 10 cat units and those above 150 pounds receiving 
12.5 eat units. These doses were administered in fractions of 50, 25, 
and 25 per cent of the total respectively, twelve to eighteen hours 
elapsing between the first and second dose, and six to eight hours be- 
tween the second and third dose. A daily maintenance dose of 2 cat 
units was then administered as in the first method. 

Table III shows the incidence of toxic symptoms with the two prepa- 
rations of digitalis. By the larger dose method, vomiting occurred in 
only 3.7 per cent of the patients receiving specimen ‘‘A’’ as against 
38.4 per cent of those receiving specimen ‘‘B’’. Similarly only 4.9 
per cent of the former developed the higher grades of heart-block as 
against 14.9 per cent for the latter. The total number of patients in 


(1.66 Gin. oF 25 gr.) 
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the group receiving digitalis by the smaller dose method is too small to 
draw conclusions from it by itself; nevertheless, it bears out the results 
obtained with the larger dose method, namely, a relatively greater 
incidence of toxic phenomena with specimen ‘‘B’’. 


TABLE III 


SHOWING INCIDENCE OF TOXIC PHENOMENA WITH THE TWO PREPARATIONS OF 
DIGITALIS 


NO. OF PATIENTS AND INCIDENCE OP 


TOTAL TOXIC EFFECTS 
METHOD SPECIMEN NUMBER | 3 |SECOND, THIRD 

PATIENTS | VOMITING FOURTH 


BLOCK ONLY 
| STAGES BLOCK 


Larger dose | os 67? 82 3 ( 3.7%) | 23 (28.0%) | 4 ( 4.9%) 
Larger | 125 | 48 (38.4%) | 33 (26.4%) 18 (14.4%) 
Smaller dose | oe" 11 | 0 ( 0.0%) 1 ( 9.1%) 0 ( 0.0%) 
Smaller dose “a 30 | 6 (20.0%) 8 (26.7%) 3 (10.0%) 


TABLE IV 


SHOWING THE NUMBER OF DOSES ADMINISTERED BEFORE VOMITING WITH 
THE TWO SPECIMENS OF DIGITALIS 


NUMBER op |NUMBER OF PA-|NUMBER OF PA-| NUMBER OF PA- | NUMBER OF PA- 
aeue on TIENTS WITH | TIENTS WITH | TIENTS WITH | TIENTS WITH 
aoetinanen LARGE DOSE | SMALL DOSE | LARGE DOSE SMALL DOSE 
METHOD METHOD METHOD METHOD 

2 2 | 0 17 0 

3 0 0 5 0 

4 0 0 1 2 

5 | 0 0 | 20) 0 

6 | 0 0 2 0 

7 0 0 l 2 

8 0 0 l l 

9 0 0 0 

10 0 0 0 1 

11 1 0 ] 0 


There can be no question that the greater incidence of toxie phe- 
nomena with specimen ‘‘B’’ was due to the systemic action of the 
drug. When vomiting appeared the drug was discontinued, but, as 
seen in Table IV, at least two-thirds of the total dose had been admin- 
istered before vomiting occurred. The types of patients in the groups 
receiving the different specimens of digitalis were fairly comparable, 
about forty per cent of each being represented by the Pneumococcus 
Types II and III. The incidence of symptoms similar to the toxie phe- 
nomena in large groups of untreated controls was practically negligi- 
ble.* The relatively greater systemic toxic action of this specimen of 
digitalis was further confirmed by the relatively greater incidence of 
the higher grades of heart-block. 


*These matters will be discussed in detail in subsequent reports of the Committee. 
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Although the essentials of the present discussion refer also to other 
methods of digitalis assay, we shall speak in terms of the cat method 
in order to be more concrete, and because more experience has been 


TABLE V 


SHOWING INCIDENCE OF VOMITING IN DIFFERENT WEIGHT GROUPS WITII 
SPECIMEN ‘*B’? 


| LARGER DOSE METHOD 
WEIGHT GROUPS — = - = 
AVERAGE 125 LB. | AVERAGE 150 LB. | AVERAGE 175 LB. 
Total doses* 36 C.U. 44 C.U. | 52 C.U. 
Total no. patients | 48 | 67 | 10 
Number vomited 6 
Incidence of vomiting | 43.8% 31.3% 60% 


‘SMALLER DOSE METHOD 
WEIGHT GROUPS 


BELOW 150 LB. “ABOVE 150 LB. | 
Total doses* 30 C.0.. 95: 
Total no. patients | 20 10 
Number vomited | 4 2 
Incidence of vomiting 20% 20% 


*On basis of corrected potency. 


recorded regarding the application of eat units to clinical use of the 
drug than of any other biological units. Two distinet prineiples are 
involved in the bio-assay of digitalis by the cat method. First, the 
average normal cat requires a fairly fixed quantity of a given specimen 
of digitalis per unit of body weight to cause death. Variations are al- 
ways present, and oceasionally very marked, but with a uniform tech- 
nique satisfactory averages can be obtained. Second, differences in 
activity of different digitalis preparations can be detected by this 
method. Both principles have been applied to man, which in turn has 
given rise to the question as to whether they are true for man and to 
what extent they are practical. 

Eggleston? found that when he digitalized a group of patients with 
a number of digitalis preparations of different cat unit strengths, the 
doses proved to be most uniform when expressed in terms of eat units 
per pound of body weight. He did not state that this method would 
vield the exact dose for any single individual. He showed, as many 
others have also seen, that there are marked variations in the doses 
for different patients, but that the range of variation was wider when 
the doses were expressed as total quantity per patient than when ex- 
pressed as cat unit per pound of body weight. In a recent study 
Martin® eonfirmed the relationship between total dosage, the body 
weight of patients, and the biological activity of different specimens of 
digitalis. Seores of workers have availed themselves of that technique 
and have thereby popularized the large dose method of administering 
digitalis. It is necessary to bear in mind that both principles are 


here involved: (1) that body weight is a factor in digitalis dosage, and 
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(2) if one specimen is found to be more active than another in eats, it 
will also be found more active in man. 

Some authors have questioned the validity of these conclusions and 
some, their practical value. H. J. Stewart* recently made the follow- 
ing statements: ‘*‘Experience has shown that the biologie assay of the 
drug (digitalis) by the eat or by the frog method does not parallel the 
therapeutic effect in patients. The amount, however, of any prepara- 
tion that is required to give this effect is approximately the same 
regardless of the age and the weight of the patient.’’ There are no 
potent drugs in the materia medica that one would venture to give to 
patients of five or six years of age, or to those weighing forty or fifty 
pounds, in the same doses required for full effects in adults weighing 
150 to 175 pounds. When digitalis, like any other drug, enters the 
circulation, it is distributed throughout the entire body and is taken 
up by many tissues, only a fraction of the total reaching the heart. 
Hence if one patient weighs twice as much as another, the same dose 
will result in a smaller allotment for the heart. 

The principle that body weight and dosage are related simply ex- 
presses the idea that a very small man will require less digitalis than a 
very large man to produce a given effect, other conditions being the 
same. In actual practice, these other conditions are usually not found 
to be the same. This merely places a limitation on the value of the 
weight factor, since there are many variables to be dealt with in the 
treatment of heart disease, among which body weight is only one. For 
example, the average ambulatory cardiac patient usually does not 
require the same degree of digitalization found necessary for the aver- 
age patient in acute congestive heart failure, and even though these 
two patients may be of the same weight, a difference in their degree of 
failure may make it necessary to give one much larger doses of digi- 
talis than the other. The nearer the weights of patients approach 
each other between such extremes as mentioned above, the less appar- 
ent does the weight factor become. The counterplay of the many 
variable factors makes it a matter of some difficulty to estimate the 
role of any one, and under such conditions a few studies confirming a 
sound principle are probably more nearly correct than a number that 
fail to do so. An interesting indication of the body weight factor is 
seen in Table V, in which the patients of the pneumonia series were 
distributed into groups according to weight in order to determine the 
The number of patients in the 175 
Of the patients in the 150 


incidenee of vomiting in each. 
pound group is too small to be considered. 
and 125 pound groups, the former or heavier, received twenty-two per 
cent more digitalis than the latter or lighter group. If no relation- 
ship between body weight and dosage exists among adults, the group 
which received more digitalis would have shown a greater incidence of 
vomiting. Our justification for the assumption that the effect of a 
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twenty-two per cent greater dose could be detected is the fact that the 
patients in the lighter group were already receiving a rather toxic 
dose, namely, one after which nearly one-half of the patients vomited. 
The results do not show a greater incidence of vomiting in the heavier 
group, favoring, therefore, the probability that the body weight was a 
factor in the dosage. There can be little question that under suitable 
conditions body weight can be shown to be a factor in digitalis dosage 
as in that of any other potent drug. If one attempts to use the body 
weight factor to determine differences in the amount of digitalis re- 
quired by a patient of 130 pounds with arteriosclerotic heart disease 
showing mild signs of heart failure and that by a young patient 
of 150 pounds with rheumatic heart disease showing acute congestive 
heart failure, there can be little surprise if one detects no relationship 
whatsoever between dosage and body weight. The value of using the 
factor of body weight in estimating dosage has been obscured by those 
who have attempted to employ it as a fixed rule of thumb, as a substi- 
tute for, rather than as a helpful guide to, the principle of dosage 
which is, in the last analysis, to give enough to produce full therapeu- 
tie effects and not so much as to produce toxie effeets. 

The seeond principle relating to biological activity of digitalis is 
more important from the practical standpoint. Stewart stated that 
the biological assay of digitalis does not parallel the therapeutie effect 
in patients, and that of a commercial specimen, digitan, which he has 
used for years, one gram given by mouth within twenty-four hours 
usually produces satisfactory full digitalization. Let us now ask how 
his experience can be translated into terms intelligible to those who do 
not use digitan. Is his experience different from that of seores of 
other workers who have found that it requires about one and one-half 
to two grams of active digitalis to produce full effects, or is it the 
same, the differences in the quantities stated being due merely to dif- 
ferences in activity of the preparations used? There is no way of 
knowing from his report, because digitan is assayed by the frog 
method of Gottlieb, a method not official in the U.S. Pharmacopoeia 
and not in common use in this country, and no satisfactory data are 
available for translating these into cat units or standard frog units of 
the U.S. Pharmacopoeia. Furthermore, there is no assurance that digi- 
tan is of constant activity because the method of Gottlieb does not 
require the standardization of frogs, the susceptibility of which is 
known to vary considerably. As it stands, therefore, the dosage of 
digitalis given by Stewart differs from that of many other observers, 
but it is not possible to know whether or not a new fact has been un- 
covered, because in a sense, the different authors do not speak the 
same language. 


From all facts at present available, it would be sound to assume that 


if one specimen of digitalis is twice as active as another when it is 
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brought into contact with the cat’s heart at a given rate, the same rela- 
tive activity between the two would be present in man (though not 
necessarily the same absolute activity) under similar conditions. But 
since the drug is usually given by mouth in man, the factors of absorp- 
tion and elimination complicate the determinations of the relative ae- 
tivity of any two preparations. Obviously when two specimens of 
digitalis have the same activity, but differ in rate of absorption and 
elimination, their dosage may be different. This simply places a theo- 
retical limitation on the value of bio-assay by the cat method, and 
makes it necessary to bear in mind that if one specimen is twice as 
active as another by intravenous injection into the cat, it may not 
necessarily be twice as active by oral administration in man, But in 
actual practice, barring the occasional specimen of digitalis that is 
poorly absorbed, one finds that preparations with significant differ- 
ences in biological activity by the eat method reveal these differences 
when used in man, if suitable conditions are present to deteet them. 
-atients can often tolerate much larger doses of digitalis than are nee- 
essary to maintain a condition of optimum improvement.’ It is in this 
range between the minimum necessary dose and the maximum toler- 
ated dose that moderate differences in biological activity of digitalis 
escape notice in clinical practice. This again does not vitiate the prae- 
tical value of biclogical assay. A more vigorous method of digitalis 
dosage, on the contrary, shows the indispensability of an accurate 
knowledge of the relative potency of digitalis preparations, as was 
illustrated by the experience of the Pneumonia Committee. <As_ al- 
ready stated, two well-known commercial specimens of digitalis leaf 
were employed, one about fifty per cent more active than the other, ae- 
cording to the labels of the manufacturers The toxie symptom, vomit- 
ing, occurred in more than ten times as many patients with that speci- 
men which was given in smaller doses in terms of grains (specimen 
‘“*B’’) although a uniform technique was employed and comparable 
doses of the two preparations were given in terms of their supposed po- 
tency. This, on the surface, seemed to support Stewart’s statement that 
biological assay does not parallel the therapeutic effect in patients. The 
two specimens were then tested by the cat method in the Department of 
Pharmacology of Cornell University Medical College. The results 
showed that the tincture of specimen ‘‘A’’ had the poteney stated on the 
label, namely, one ¢.c. per cat unit, while the tincture of specimen ‘*B’”’ 
was found to have a potency of about 0.4 ¢.c. instead of 0.65 ¢.c. per eat 
unit. The latter tincture was tested independently by the eat method 
in the Department of Pharmacology of the University of Michigan and 
the results agreed with those obtained at Cornell, namely, that the tine- 
ture of specimen ‘*B’’ was about sixty per cent more active than was 
stated by the manufacturer. The tablets of specimen ‘‘B’’ were then 
examined biologically, and this resulted in the discovery that each tab- 
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let did not represent one eat unit as stated on the label, but two cat 
units. Hence, the tablets of specimen ‘‘B’’ were 100 per cent stronger 
than the statement by the manufacturer indicated. Since the tablet 
contained some inert matter it was impossible to state whether the 
greater strength of each tablet was due to a greater potency of the digi- 
talis leaf itself, or whether each tablet simply contained two grains of 
digitalis instead of one. 

With these facts in hand the total doses of specimen ‘‘B’’ that were 
received by the pneumonia patients were recalculated. These are shown 
in Table II. While it was at first believed (see Table I) that the pa- 
tients were receiving comparable doses of the two preparations, the re- 
sults in Table II show that on the basis of the true potency, those treated 
with specimen ‘‘B’’ actually received twice as much digitalis as those 
with specimen ‘‘A’’, and this accounted for the high incidence of tox- 
icity with the former preparation. A more suitable example could 
hardly be found that shows the close parallelism existing between the 
eat method of bio-assay of digitalis and the effects in man. An errone- 
ous statement regarding the cat unit potency was promptly detected in 
the form of toxic symptoms in patients when comparatively large doses 
of digitalis were used. If very small doses had been used, it is indeed 
probable that the misstatement of the manufacturer regarding the activ- 
ity of the drug would have escaped detection. 

This brings us to a related matter about which a better understanding 
is necessary. Levy and Mackie* in a recent paper advocated the use of 
‘*standardized digitalis’’ and stated the average full dose to be about 
1.5 grams under certain conditions. The word ‘‘standardized’’, how- 
ever, does not have a fixed meaning, the U.S. Pharmacopoeia having one 
standard and the various manufacturers having their own standards. 
The importance of these differences in standards may be seen from the 
following example. Each of two well-known commercial specimens of 
digitalis are referred to on the labels as ‘‘standardized’’, yet one is 
stated to have a eat unit strength of 100 milligrams, and the other a eat 
unit strength of 65 milligrams. The question at once arises to which, if 
any, of these preparations does the statement of Levy and Mackie refer, 
in which they say that 1.5 grams is the average full dose of ‘‘standard- 
ized digitalis’’, since one of these so-called ‘‘standardized’’ preparations 
may contain about one and one-half times the activity of the other in the 
1.5 gram dose. Another commercial specimen of digitalis which has 
proved to be quite active merely bears the label *‘ physiologically tested’’ 
as if the results of that test were of interest only to the manufacturer. 
The condition is somewhat analogous to a physician sending a specimen 
of blood for a urea determination and finding that the only report 
available is that the determination has been made. Physiological testing 
is essentially a quantitative determination, not so much to ascertain 
whether a given preparation has digitalis action as to determine by how 
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much one specimen is stronger than another. Compliance with the 
requirements of the U.S. Pharmacopoeia does not in itself insure suffi- 
cient uniformity in strength for accurate clinical studies because two 
specimens of digitalis may meet the official requirements and yet one 
may be as much as thirty per cent more active than another by the frog 
method. Again it is necessary to emphasize what we have already 
stated, that under many conditions these differences in the potency of 
digitalis may escape detection in practice, but where large doses are 
necessary a knowledge of these differences will avoid a great deal of 
unsatisfactory use of the drug in the nature of excessive or insufficient 
digitalization. 

There are many points of similarity between the problem of the dosage 
of digitalis and that of insulin. Both drugs vary in activity and are 
assayed biologically. No one would doubt that it is irrational to speak 
of insulin dosage in terms of ¢.c. without naming the standard, because 
one e.e. of insulin may contain 20, 40, or 80 units. Nevertheless, it 
is common practice to refer to the dosage of the tincture of digitalis in 
terms of ¢.c. without stating the potency, though it is equally irrational 
because a ¢.c. of one specimen of the tincture may represent one cat unit, 
while that of another specimen may represent two or more eat units. 

Finally, it is necessary to eall attention to the question of the bearing 
of the biological strength of digitalis upon the relative merits of differ- 
ent preparations. Obviously, in order to be of therapeutie value, digi- 
talis must be active. But the views commonly held that one digitalis 
preparation is better than another because one is 25 or 50 per cent, or 
even 100 per cent, more active than another, does not display a suffi- 
cient sense of relative values. There are preparations of digitalis on 
the market of which the sole claim to superiority is a fifty per cent 
greater activity as determined by bio-assay. The only possible advan- 
tage of a more active specimen from a therapeutic standpoint would be 
the diminished bulk of the individual doses. If the biological assay 
shows one preparation to be weaker than another within reasonable 
limits (differences of as high as 100 per cent are not commonly seen), 
it is of course necessary to give a larger quantity of the weaker prepara- 
tion. What possible difference does it make, however, whether a patient 
receives a daily dose of two grains of the stronger or so-called ‘‘good’’ 
preparation instead of a dose of three or four grains of the weaker or 
so-called ‘‘poor’’ preparation? Since digitalis is a potent drug, the 
dosage of which is measured in quantities of grains, and not ounces 
or pounds, bulk can rarely be a matter of any importance, and the fact 
that a few additional grains may be necessary in the case of the weaker 
preparation affords no reasonable objection to it. The general interest 


in the question of ‘‘stronger’’ and ‘‘weaker’’ preparations has only 


served to obscure the significance of the fact that it is a matter of no 
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importance whether one preparation is stronger or weaker than another 
(within reasonable limits), provided one knows the exact potency of 


each. 
SUMMARY 


1. This communication deals with an analysis of the factors involved 
in the application of the bio-assay of digitalis by the eat method to clini- 
eal practice. 

2. Evidence is presented showing that body weight is a factor in digi- 
talis dosage and that it is essential to take into aceount differences in 
potency of digitalis as determined by bio-assay. 

3. It is pointed out that when small doses of digitalis are used, the 
value of both factors (body weight and differences in potency) may 
escape detection. 

4, An analysis is made of the experience of the Committee for the 
study of digitalis in pneumonia at Bellevue Hospital with a well-known 
commercial preparation of digitalis, the potency of which was later 
proven to have been incorrectly labelled by the manufacturer. This 
analysis shows in the first place, that a specimen of digitalis which was 
found to be about twice as active as anticipated for man proved to be 
also twice as active by the cat method of assay ; and secondly, it shows 
the dangers arising from the use of digitalis, especially in large doses, 
without knowing the exact potency. 

5. Evidence is presented showing the confusion which arises from the 
use of the term ‘‘standardized digitalis’’ without stating the exact po- 
tency because of the different standards used by the various manufac- 
turers. 

6. The relative merits of so-called ‘‘stronger’’ and ‘‘weaker’’ prepa- 
rations of digitalis are discussed. 
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TWO CASES OF COMPLETE OCCLUSION OF BOTH 
CORONARY ORIFICES* 


Timotuy Leary, M.D., aNp T. WEARN, M.D. 
Boston, Mass. 


T IS now generally conceded that of all the smaller vessels of the 

body whose function is necessary to the continuation of life none 
are more essential than the coronary arteries. The sudden dramatic 
termination of life which so frequently results from the occlusion of a 
branch of a coronary artery furnishes ample support for this thesis. 
Death from coronary obstruction may be and frequently is the most 
sudden form of death known. A man may literally drop dead. So 
characteristic is the manner of death that a usually successful snap 
diagnosis may be made from that evidence alone. Deaths from cyanide 
poisoning and those occurring in certain eases of hypertensive heart 
disease with edema of the brain, practically alone rival coronary oe- 
clusion in the rapidity with which death may be produced. (Sudden 
deaths from aortic insufficiency, in which the coronary orifices are not 
oceluded, are due to interference with the coronary blood supply, in 
our opinion. ) 

On the other hand, it is well known that extensive lesions of the 
coronary arteries may exist for long periods of time without manifest 
debilitating effect and even without any clinical signs or symptoms 
whatsoever. There are many cases on record where the fatal ocelu- 
sion of the artery led to the first suspicion of the presence of coronary 
disease. 

As medical examiner of Suffolk County, one of us (T. lL.) is called 
upon to investigate deaths of human beings, supposedly due to vio- 
lence. This term has been interpreted to include deaths in which the 
causation is not apparent or adequate. Under this provision there 
come under the jurisdiction of the medical examiner a number of cases 
in which investigation discloses that death was due to natural causes 
or disease. As is to be expected this group embraces a considerable 
percentage of sudden deaths in which the cardiac circulation is at 
fault. 

Among the eases of this character seen in recent years are the fol- 
lowing two, in which there was essentially complete obliteration of 
both coronary orifices. 


*From the Medical Examiner Service of Suffolk County and the Boston City Hos- 
pital. 
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CASE REPORTS 


J. B., Swedish male, white, thirty-five years old, had been in America 


CasE 1. 
for eighteen years. His principal occupation had been that of a sailor. His uncle 
who brought him to this country complained that he never stuck to any job for a 
long time. During intervals between sailings he had worked off and on for a local 
awning company as an extra man. The work of this company is seasonal, awnings 
being put up in the spring and taken down in the fall. He had been out of work 
mueh of the winter of 1925-1926, not because of illness, but because of difficulty 
in getting work. He worked for the awning company from April 30 to August 5, 
1926, and was then laid off with other extra men. He was employed again October 5 
and worked until November 5 when extra work stopped for the year. During this 
latter period he worked five or six days per week. He was seen by his uncle two 
weeks before his death, at which time he had a cold and looked badly. He told his 
uncle he had been carrying heavy awnings and awning rods in the rain and had 
caught cold. His unele stated that he had a ‘‘raving’’ appetite and ate too much. 
As a result he had ‘‘stomach trouble—indigestion.’’ He had suffered from head- 
aches for years. He did not drink but smoked many cigarettes. He had not been 
treated by a doctor since he came to this country. 

He roomed in a lodging house and was last seen alive November 10, 1926, at 
7 AM. He was found dead in bed by his landlady on November 11 at 1:30 p.m. 
When found, he was clothed, though in bed, in a wool sweater over a cotton union 
suit and with a khaki wool searf wound about his waist. From the appearance of 
the body it was evident that death had occurred probably twenty-four hours or more 
before its discovery. 

At the post-mortem examination the heart cavities contained gas and frothy fluid 
hlood which was hemolized. Smears furnished abundant gram-positive bacilli, with 
B. welchii morphology. Heart and aorta showed some staining of surfaces with 
blood coloring matter. Each pleural cavity contained a fluid stained with blood 
coloring matter, the right 225 ¢.c. the left 150 ¢.c. The long delay in the discovery 
of the body, which was covered with excess clothing, had evidently favored the post- 
mortem incubation of B. welchii. 

The pathological findings of interest were confined to the heart and aorta. Other- 
wise nothing remarkable was found. 

The pericardium was smooth and lustrous, containing 5 ¢.c. of blood-tinged fluid. 

Heart weighed 328 grams. The heart muscle was flabby, gray red. Wall of left 

ventricle measured 1.4 em.; wall of right ventricle measured 0.5 em.; mitral 
valve measured 8.6 em.; aortic valve measured 7 em.; 5 em. above ring, aorta 
measured 8.5 em.; pulmonary valve measured 7.8 em.; tricuspid valve measured 
10.3 em.; depth of left ventricle measured 7.3 em. 

On section the heart muscle was homogeneous, disclosing no evidence of fibrous 
tissue. 

The ascending arch of the aorta showed a continuous series of irregular masses 
of raised, nodular, translucent and opaque, gray white tissue encircling the vessel 
above the ring and extending into the sinuses of Valsalva. This girdle (girdle of 
Venus?) measured 1.8 em. in breadth at its narrowest point above the right coronary 
sinus and extended for 6 em. above the ring over the left coronary sinus along the 
region of contact of the aorta with the pulmonary artery. The process of searring 
and thickening of the aortic wall extended into the depths of the right coronary 
sinus to its lowest limit. In the left and noncoronary sinuses the wall was thickened 
only in the upper part of each sinus, the wall of the noneoronary sinus showing 
thinning in its lower portion, measuring only 0.1 em. in thickness. 

The site of the orifice of the right coronary artery was occupied by nodular 
sear tissue without suggestion of the location of the original orifice. The site of 
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Fig. 1.—Case 1. Drawing of the heart and ascending arch of aorta. Below are 
drawings of the cross-sections of the left coronary and right coronary respectively, 


as they are seen from the rear within the aortic wall (enlarged 3 diameters). 
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the orifice of the left coronary artery was indicated by a shallow dimple. Serial 
sections through the tissue behind the aortic wall disclosed grossly complete oblitera- 
tion of the proximal portions of both coronary arteries by a relatively translucent 
gray tissue. This obliteration extended just through the adventitia of the aorta 
in either case and stopped abruptly. The coronary arteries beyond this obstruction 
showed a wall of apparently.less than normal thickness. The vessels were of small 
ealiber and were filled with blood. 

There was some dilatation of the left ventricle due prebably in part to the frothy 
blood and gas found within the cavity post-mortem. Otherwise, apart from slight 
thickening of the free edges of the aortic cusps, particularly about the corpora 
Arantii, the valves and cavities were normal. 

The aorta showed in transverse and descending arches few small and larger, 
slightly raised, gray white nodules. The thoracic and abdominal aorta was thin, 
smooth and elastic. 

The lungs showed a moderate edema. 

Microscopical examination of the coronary arteries was carried out by shaving 
pieces from the back of the aorta. These pieces were then imbedded and sectioned. 
The actual point of most complete obliteration in each artery was in relation to the 
intima of the aorta. 

Right Coronary Artery.—The lumen of the vessel was obliterated, save for a very 
small eccentric opening, by young, relatively cellular connective tissue from the 
subendothelial layer. Through one segment of the media of the coronary artery a 
collection of vasa vasorum, evidently arising from the adventitia of the aorta, were 
thrust through the coronary media to enter the young intimal tissue. The media 
was otherwise not remarkable. In the adventitia and surrounding tissue there was 
edema with large focal collections of lymphoid and plasma cells, some of which 
were perivascular. Stains for study of the elastica were unsatisfactory because of 
poor preservation. 

Left Coronary.—Microscopical examination showed obliteration of lumen save for 
a small opening, eccentric, but less markedly so than in the right coronary. The 
original lumen was largely filled with old, relatively acellular hyaline and vacuolated 
connective tissue, particularly about the region of the small vascular opening. Along 
the wall at either end of the oval contour of vessel, there were considerable collee- 
tions of round cells in younger connective tissue, with multiple canaliculi. The 
muscle wall showed marked thinning in one segment, and surrounding tissue contained 
large collections of round cells. 

The heart muscle was normal, without fragmentation or segmentation. There was 
no increase of connective tissue and no round eell infiltration. The vessels were 
normal. Sections stained with scharlach r showed no fatty metamorphosis of muscle. 


CASE 2.—L. F. J., a single colored woman, twenty-six years of age, lived in the 
rear of a small store owned by her lover. She went out daily as a dressmaker 
to within a few days of her death. She was said to have had acute indigestion 
for several days before her death. She was found dead at 1:20 A.M., January 21, 
1926, having been last seen alive at 10 P.M., January 20. Investigation later re- 
vealed that she had been treated by a local doctor on two occasions in the month 
preceding her death. She complained to him that she was tired and short of breath. 
He found a systolic blood pressure of 180-190, diastolic 90-100, with a_ systolic 
murmur. The area of eardiae dullness was increased. He made a diagnosis of 


hypertension. 

The woman’s lover reported that she had been perfectly well up to two 
months before her death. She collapsed in the street and since that time had had 
five similar attacks of ‘‘going limp.’’ All but the first attack oecurred at night 
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under sexual excitement. He applied hot fomentations over the breast, and with 
rubbing she ‘‘came to’’ in a few minutes. 

The body was that of a slender, café au lait negress, 5 feet 14% inches, well 
developed and nourished; brown eyes, pupils equal, 0.56 em. The body was fully 
elothed. There were vomitus and dried froth over neck and left shoulder. Breasts 
were small and showed large pigmented areola. No contents could be expressed. 


Fingers were not clubbed. 


Fig. 2.—Case 2. Drawing of the heart and ascending arch of aorta. selow is a 
drawing of the cross-section of the right coronary artery as seen from the rear 
within the aortic wall (enlarged 3 diameters). 


As in Case 1 the significant post-mortem findings, apart from an old repaired 
salpingitis, perisalpingitis and periovaritis, and the occurrence of uterine myomata, 
were limited to the heart and aorta. 

The pericardium was smooth; contained 5 ¢.c. of a clear serous fluid. 

The vessels of the neck and the eavities of the right heart were widely distended 
with fluid blood and a small amount of lax mixed clot. 


The heart weighed 285 grams. The heart muscle was light red, firm, homogeneous. 
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Heart measurements: 

Wall of left ventricle measured 1.2 em.; wall of right ventricle measured 0.45 
em.; mitral valve measured 8.4 em.; aortic valve measured 7 em.; pulmonary 
valve measured 6.4 em.; tricuspid valve measured 10.1 em.; depth of left 
ventricle measured 7.2 em. 

Valves and cavities were normal. 

The arch of the aorta showed a erescentie zone of slightly raised; nodular thicken- 
ing, incomplete over the noncoronary sinus, extending 3.5 em. above the ring over 
the left and the right coronary sinuses. The site of the orifice of the right coronary 
artery was occupied by smooth scar tissue. In opening the heart the enterotome 
eut through the left coronary artery near the orifice. Viewed from behind the left 
coronary was of normal caliber, which narrowed sharply to closure. A slight dimple 
in the surface of the aorta marked the site of the orifice. The ascending arch 
apart from these lesions, and a few small pinhead yellow foci were thin and smooth. 
The aortic cusps showed no thickening or other changes. The aorta below the arch 
was thin, smooth and elastie. 


Fig. 3.—Photomicrograph of portion of occluded right coronary artery, Case 2, to 
show vasa vasorum passing through wall (enlarged 80 times). 


Microscopie examination of the right coronary artery in the region of obstruction 
showed the lumen of the vessel obliterated. Near one end the occlusion was due 
to an older, more hyaline, and relatively acellular connective tissue. Throughout 
this tissue, however, were distributed small collections of lymphoid cells, for the 
most part in rows, with larger collections near the junction of the intima and media. 
Toward the other end oceurred a younger, more cellular, less hyaline, connective 
tissue containing vessels and exhibiting dense collections of round cells, notably 
about the vessels. The infiltrating cells were largely lymphoid and plasma cells, with 
some histiocytes. The vessels were numerous and, except in the vessels of small 
caliber along the junction with media at one point, bore no resemblance to the 
irregular clefts converted into vessels which are seen in the canalization of a 
thrombus. The invading arteries were readily identifiable as such. The muscle 
coat of the occluded coronary showed in places collections of round cells, particularly 
about arteries penetrating this layer, and hyaline changes with thickening and 
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thinning of the muscle coat were apparent along one segment of the vessel wall. 
The surrounding fatty and connective tissue harbored massive collections of in 
filtrating cells about blood vessels. 

The left coronary artery showed on microscopical examination an abrupt narrow- 
ing as it passed through the aortic wall. The lumen of the vessel was distorted 
and compressed by a high grade edema of the subintimal layer of the intima, 
associated with the occurrence of fibroblasts, histocytes, and lymphoid and plasma 
cells. The infiltration with small round cells was more diffuse and more marked 
in this lesion than in the three other coronaries thus far considered. 

After long fixation in Kaiserling with loss of fluid, thinning and retraction of the 
lesion in the aortie wall, a line representing the lumen of this vessel could be grossly 
followed through the aortie wall. 


DISCUSSION OF THE PATIIOLOGY OF THE LESIONS 


In most of the forms of obliterative endarteritis of vessels of the 
size of the coronaries the complete occlusion of the lumen has de- 
pended in part upon thrombus formation, early or late, to be followed 
by organization of the thrombus. 

Klotz’ says that rarely if ever does obliteration of a vessel take place 
as a result of an internal proliferation simply. He found that the com- 
plete occlusion was due to thrombosis. Gurd and Wade®* deseribe 
obliterative lesions in small vessels (less than 1 mm. in diameter) due 
wholly to proliferation of the intima. 

In the physiological obliteration of the ductus arteriosus and the 
upper portions of the hypogastrie arteries, following birth, contraction 
of the wall, followed by subendothelial growth of the intima rapidly 
convert the vessels into fibrous cords with minimal thrombosis.  <Ae- 
companying and following the involution of the uterus and ovaries, a 
productive endarteritis may arise. But in the latter group thrombosis 
may be a factor in leading to ocelusion of the lumen. In thrombo- 
angiitis obliterans and in syphilitic processes in the cerebral or periph- 
eral vessels thrombosis is the standard means of closing the lumen. 
In the lesions with which our paper deals thrombosis plays no part. 
The closure of three of the four vessels is dependent upon a progres- 
sive increase of the subendothelial layer of the coronary intima which 
narrows the lumen to such a degree that ultimately it becomes so 
small that it cannot be differentiated from the vasa vasorum which 
supply the organizing tissue. These vasa vasorum, supplying the 
aorta, penetrate through the muscle coat of the coronary arteries and 
are responsible for the character of the process, which is limited 
sharply to that portion of the coronary arteries which lies within the 
aortie wall. This form of obliterative endarteritis is remarkable in 
that the organizing agencies which obliterate the canal are not de- 
pendent upon the powers of the affected vessels but are derived from 
more potent forces from without the vessel to be occluded. These 
conditions can practically only obtain in relation to the branches of 
the aorta as they pass through the aortie wall. The process preserves 
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the integrity of the endothelium lining the coronary lumen so that 
thrombosis does not occur. There are no degenerative changes other 
than hyaline in the subendothelial layer, so that the endothelium is 
well supported throughout the progress of the disease. There is little 
distortion and no flattening of the lumen, which is progressively nar- 
rowed and modified to accommodate it to new conditions, until ulti- 
mately it has shrunk to the dimensions of one of the invading vasa 
yasorum, from which it cannot be differentiated. 

The Degree of Occlusion—The heart in Case 1 showed grossly com- 
plete obliteration of both coronary arteries not only at the orifices but 
throughout the thickness of the aortie wall. This is also true of the 
right coronary in Case 2. In the left coronary of this case the oceclu- 
sion was dependent in considerable part upon edema of the thickened 
intima of the aorta. Injection of fluid into the coronary arteries be- 
hind the aorta in each of these four vessels, after the hearts had been 
fixed in Kaiserling, resulted in the delivery of no fluid onto the aortic 
surface. The occlusion was apparently complete. From the nature 
of the obliterative process, however, which preserves the original 
lumen, it seemed probable that some fluid should make its way through 
the small lumen which persisted. An opportunity to test this pre- 
sented itself in the fresh heart of a third case in which the right 
coronary orifice alone was obliterated. In this case the right coronary 
artery was tied 2 em. from the aorta, and saline solution was injected 
with some force from behind. Fluid escaped onto the surface of the aorta 
in drops which formed and broke as though the delivery were from a 
small vessel. The opening through which the fluid escaped onto the 
aortic surface was too small to be seen. 

The question of the degree of occlusion is from the practical stand- 
point only academic, however, since it is impossible that a circulation 
adequate for the needs of the myocardium could be carried on through 
a vessel the size of a vas vasis. 

The Condition of the Heart—The hearts in these two cases weighed, 
respectively, 328 and 285 grams. Both weights are perhaps slightly 
above normal for the individuals, but the measurements are essentially 
normal. The measurement of the aortic ring in Case 1 bears essen- 
tially the normal ratio to the size of the pulmonary ring. The aorta 
above had begun to dilate, however, whether due to a slight insuffi- 
ciency of the relatively normal aortic valves, to the aortitis, or to both 
is a question. In Case 2 there was no evidence of aortic insufficiency, 
and the arch above the lesion was intact and not dilated. 


The circulation to the heart muscle was apparently adequate under 
ordinary conditions in each case. No evidence of fatty change, active 
myoearditis or repair was found in either case. The histories indicate 
that the individuals were comfortable except under condition of stress ; 
overeating in Case 1, sexual or other emotional] stimulus in Case 2. 
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THE LITERATURE OF OBLITERATION OF THE CORONARY ORIFICES 


Allbutt* says: ‘‘ Among the hearts which Kanthack examined with 
me I remember one in particular which was notable in this respect, 
that not only were the coronary arteries calcified, but their orifices 
were so utterly obliterated that the very seat of them was undefinable; 
yet in so far as the microscope could tell us the myocardium was 
normal.’’ Vaquez*‘ cites a case in a youth of eighteen years, complain- 
ing of pain in the precordial region, provoked by exertion and extend- 
ing toward the left shoulder, and in whom, following physical exami- 
nation, ‘‘clinically the diagnosis of organie angina could be excluded.’’ 
Several days later he died in a paroxysm of pain. ‘‘At the autopsy, 
to our surprise, we found that there was a diffuse aortitis of the 
ascending portion of the aorta. The lesions predominated in the supra- 
sigmoid region, where they had caused a sort of puffiness of the in- 
ternal coat, chiefly about the orifices of the coronary arteries, which, 
if not obliterated, were at least notably obstrueted.’’ Notable ob- 
struction is not occlusion, as a study of a large series of syphilitic 
aortae demonstrates. 

The case mentioned by Cabot’ does not belong in this group. 

An interesting case, not of closure of the coronary orifices but of 
obliteration of the vessels beyond the orifices, is reported by Rondeau.® 
A man of sixty years, who died of carcinomatosis, primary in the liver, 
was found at post-mortem examination to show: ‘‘. . . . obliteration of 
both coronary arteries by a eretaceous clot, which follows the principal 
divisions of the arteries of the heart.’’ He comments: ‘‘In the pres- 
ence of so long-standing alteration of the coronary arteries that it 
produced complete obliteration of these vessels, it is astonishing that 
neither were any cardiae disturbances observed during life, nor more 
extended and pronounced lesions of the cardiac musculature (some fat 


eranules).”’ 
THE CORONARY ARTERIES BEYOND TIE AORTA 


In the reported cases of coronary orifice occlusion, in which from 
the age of the patient and description of the lesions it is evident that 
the occlusion is due to syphilitic aortitis, the comment is practically 
constant that the coronary arteries beyond the occluded orifices are 
normal. Even in older individuals in whom one ean suspect from the 
localization of the lesions in relation to the aorta that the original 
process was syphilitic, it is usual to find reports of normal coronary 
vessels or those showing only the senile type of selerosis. . 

The rarity of syphilitic lesions in the primary coronary arteries 
and their main branches is one of the interesting peculiarities of this 
protean disease. The cerebral vessels, of similar caliber, are a favorite 
site for syphilitic processes, the coronaries rarely so. 
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The indefatigable Warthin? who has made exhaustive search of ma- 
terials for the purpose of discovering evidence of syphilitic disease, 
and who found syphilitic processes in the pulmonary, iliac, femoral, 
popliteal, tibial, carotid and subelavian arteries, says: ‘‘Syphilis of 
the coronary arteries, in our experience, has been found much less 
frequently than anticipated from its frequent mention in the litera- 
ture. Although myocardial lesions occur in practically every case of 
late syphilis, these are interstitial infiltrations and proliferations along 
the smallest capillaries between the heart muscle fibers, and the larger 
branches of the coronaries only rarely show lesions that can be recog- 
nized as syphilitic. In every case in our experience these have been 
of the nature of an arteritis with obliterating proliferation of the 
intima often associated with thrombosis. Secondary arteriosclerotic 
changes may follow the healing of these lesions, as elsewhere, but the 
syphilitic nature of the process ean only be reeognized in the early 
stages.’’ 

Many authorities fail to agree with Warthin about the frequency of 
syphilitic myoeardial lesions, and the type of syphilitic obliteration of 
the larger branches of the coronary arteries associated with throm- 
bosis has not been found by us. 

Seott® says: ‘‘. ... it is interesting to note that in spite of the aec- 
tive disease surrounding their orifices the coronary vessels themselves 
were seldom involved. When opened they presented a smooth normal 
surface.’’ 

Clawson and Bell® after discussing the narrowing or closure of the 
coronary orifices say: ‘‘ As in the eases of aortic insufficiency coronary 
(disease in these fifteen cases was rare, with the exception of syphilitic 
involvement of the orifices. ’’ 


Our constant experience confirms these findings. 
THE SUPPLY OF BLOOD TO THE CARDIAC CIRCULATION 


It is quite clear in view of the findings that these two people were 
able to work and go about their daily lives with their coronary arteries 
completely occluded. The logical question therefore is, how did the 
heart muscle get sufficient blood supply to enable it to carry on its 
funetion efficiently? It is natural to look for additional coronary 
arteries but none could be found. One is left, therefore, with two 
possibilities. The first is that a potential source of blood exists in 
the anastomoses of the vasa vasorum of the aorta; but there was no 
enlargement of these channels, and, even had there been, it is only 
too obvious that the amount of blood which could be delivered through 
these vessels would not furnish blood enough to supply energy for the 
work of a single auricle. One is left then with the Thebesian veins as 
the only vessels capable of supplying blood to the muscle. 
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Vieussens"’ in 1706 showed a connection between the coronary ar- 
teries and the heart chambers, and two years later Thebesius'' demon- 
strated a communication between the veins and the chambers of the 
heart. Many others have shown the presence of these vessels since 
that time, but F. H. Pratt’? first demonstrated that it is possible to 
keep a mammalian heart beating by perfusing blood through the 
Thebesian vessels. His ingenious and conclusive experiments demon- 
strated for the first time the possibilities of a blood supply from the 
ventricles directly to the heart muscle. Since Pratt’s experiments 
Crainicianu™ (1922) has shown that when the coronary arteries were 
perfused with salt solution most of the perfusate escaped into the 
chambers of the heart and relatively little escaped via the coronary 
sinus. Wearn" confirmed the work of Crainicianu and found in some 
instances that as much as 90 per cent of the perfusate injected into 
the coronary arteries escaped directly into the heart chambers. More- 
over, by serial histological sections a direct connection was shown to 
exist between the Thebesian openings in the ventricles and the veins 
and eapillaries of the heart. Evidence was also brought forward to 
show a direct connection between the coronary arteries and the cham- 
bers of the heart. 

With these findings in mind the channel of the blood from the ven- 
tricles to the heart muscle in the two cases reported in this paper is 
obviously through the Thebesian vessels. Nor is it surprising that 
these vessels are ample in size to supply the heart with a sufficient 
amount of blood when one examines the results of the experiments of 
Crainicianu and Wearn. 

The histological study of the sections through the occluded area of 
the coronary arteries in these cases reveals a process of long standing 
—probably evolved over a period of months or longer. In view of this 
fact one is surprised to find so little evidence of heart disease in the 
histories of these patients. These people were able to work, and one 
of them did heavy work with both coronary arteries closed. It is 
difficult to devise any experiment that can demonstrate more con- 
clusively the fact that under given conditions the Thebesian vessels 
ean take over the role of the coronary arteries in supplying the heart 
musele with blood. 

It is the efficiency of the Thebesian circulation in this role, most 
likely, that explains the few clinical symptoms as well as the absence 
of heart failure. The same explanation almost certainly accounts for 
the absence of signs and symptoms of heart failure in those patients 
with advanced sclerosis which practically occludes both coronary ar- 
teries. In many instances these are first discovered by the pathologist. 

The interesting point is that both syphilitic aortitis and sclerosis of 
the coronary arteries are relatively slow processes. The occlusion of 
so gradual, indeed, that the 


the artery is gradual in each instance 
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Thebesian vessels have time to take over the new duty and readjust 
themselves to it. The element of time is apparently a very important 
factor. 

Nowhere in the body is the adaptability of the human mechanism 
better illustrated than in the capacity of the heart, while functioning 
at full speed, to effect a complete revolution in the eardiae cireulation, 
provided that the need for the change is brought about gradually. 


SUMMARY 


Two cases of essential closure of both coronary orifices are reported. 
The lesions indicate a slowly progressive process which has probably 
taken months at least to reach the point of essentially complete closure. 
No evidences of fatty change, myocarditis or repair were found in the 
heart muscle. 

The only adequate explanation of the ability of these patients to live 
and work rests upon a belief that the Thebesian veins have supplied 
the compensatory circulation necessary for the functioning of the 
heart muscle. 
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RECIPROCAL BEATING OF THE HEART; AN ELECTROCAR- 
DIOGRAPHIC AND PHARMACOLOGICAL STUDY* 


HeERRMAN L. BuuMGART, M.D. anp L. Garemu, M.D. 
Boston, Mass. 


ECIPROCAL beating of the heart is a disturbance of unusual in- 
terest inasmuch as it is one of the few forms of bigeminy in which 
the mechanism is apparent. The four eases reported in this com- 
munication presented certain exceptional characteristics which appear 
to add to our knowledge of this disorder. In one case the disturbance 
was sufficiently prolonged to permit extensive pharmacological study. 


RESUME OF THE LITERATURE 


Reciprocal beating of the heart was first described by Mines in 1913.) 
He showed that a single stimulus to an auricle-ventricle preparation 
from the electric ray or to a ventricle-bulbus preparation from the 
frog may provoke a continuously circulating excitation wave, the 
auricular contraction evoking a ventricular response and the ventricu- 
lar contraction, an auricular response. Although several clinical 
examples of a disorder of this type were reported, the reciprocal na- 
ture of the mechanism was first noted by White in 1915.2 The eleetro- 
eardiographic tracings of White’s ease showed atrio-ventricular 
rhythm, the ventricle beating first and being followed at an interval 
by an auricular beat. When the R-P interval widened to a certain 
critical value, the auricular beat gave rise to a second ventricular 
response. The phenomena described by Mines and by White differ 
only in degree, the reciprocal beats of the auricle and ventricle as 
described by Mines continuing indefinitely, while in the clinical ex- 
amples reported by White, the mechanism terminated abruptly after 
the second ventricular response. Since 1915 similar instances have 
been reported by White,* Gallavardin and Gravier,* Bishop® and 
Dock.* The condition was first termed reciprocal rhythm by Drury‘ 
who observed this type of disorder in a patient with paroxysmal tachy- 
eardia of A-V nodal origin. An instance of reciprocal beating in 
which the auricular contraction gave rise to a ventricular response, 
followed in turn by a second auricular response, recently has been 
reported by Wolferth and MeMillan.* 

CASE I. (C.W.) 

The patient was a colored widower, 57 years of age, who entered the hos- 

pital May 22, 1928 complaining of shortness of breath. He had contracted 


*From the Thorndike Memorial Laboratory of the Boston City Hospital, the Med- 
ical Research Laboratories of the Beth Israel Hospital, and the Department of Medi- 
cine, Harvard Medical School. 
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syphilis about 20 years previously. Six months before entry he was awakened at 
night by severe precordial pain which persisted for three days and then suddenly 
disappeared. Three months before entry he noted the onset of dyspnea and a 
persistent productive cough. One week before entry swelling of the legs developed. 

Physical Examination showed a fairly well developed, moderately orthopneie c¢ol- 
ored man. The pupils were slightly irregular, and reacted sluggishly to light and 
accommodation. The veins of the neck were markedly engorged. Numerous moist 
rales were heard everywhere over both lungs except at the bases where the physical 
signs of fluid were elicited. The heart was greatly enlarged both downward and 
to the left. The heart sounds were of poor quality; the rhythm was regular except 
for an extrasystole every three or four beats. There was a blowing systolie murmur 
at the apex transmitted to the axilla. The peripheral vessels were markedly 
sclerosed and tortuous. The blood pressure was 190 mm. Hg. systolic; 112 mm. Hg. 
diastolic. Signs of free fluid in the abdomen were present. The liver was greatly 
enlarged. There was marked pitting edema of the legs, thighs and back. The 
Kahn and Wassermann reactions were positive. 

The clinical diagnoses were hypertension, myocardial failure, syphilis, generalized 
arteriosclerosis, hydrothorax (right) and possible coronary occlusion. The first 
electrocardiogram was taken after the patient had received full doses of digitalis 
and showed reciprocal rhythm. All electroeardiograms described below were taken 
after digitalis had been omitted for eight days. 


Cardiac Mechanism.—The control tracings of this patient (Figure 1) 
show atrio-ventricular rhythm with coupling every third or fourth 
beat, without evidence of independent auricular activity. The origin 
of the unusual rhythm is either in the A-V node or in the bundle 
of His above the bifurcation, for the ventricular complexes are of the 
supraventricular type. Each ventricular beat gives rise, by retrograde 
conduction, to an auricular contraction represented in the tracings by 
diphasie P-waves. In most of the reported cases of A-V rhythm, the 
retrograde P deflection falls clear of the ventricular deflection and 
is almost always related in a constant manner, the Q-P interval re- 
maining constant. In this case, however, the relation between the 
initial ventricular deflections and the consequent auricular deflections 
is constantly changing owing to retrograde heart-block, the Q-P inter- 
val gradually inereasing from 0.12 seconds in eyele A to 0.16 seconds 
in eyele B, and finally to 0.26 seconds in eyele C. In eyele C the Q-P 
interval is sufficiently great to enable the ventricle to recover from its 
refractory phase. The auricular wave therefore re-enters and excites 
another ventricular response, Y. The gradual increase in the Q-P in- 
terval signifies an increasing delay in retrograde conduction and is 
analogous to the gradual increase in the P-R interval seen more fre- 
quently in downward conduction in heart-block. 


In all the many tracings observed, a premature beat occurred only 
when-the Q-P interval was at least 0.26 seconds. The longest Q-P 
interval not followed by a premature ventricular response reached a 
ralue of 0.20 seconds. The refractory period of the ventricle in this 
case may therefore be placed within the limits of from 0.20 to 0.26 
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seconds. The interval from the extra re-entrant beat to the next nor- 
mal beat was approximately the same as between the usual nodal 
beats. This time relation is similar to that observed in patients with 
sino-auricular rhythm and auricular extrasystoles. 

It is interesting to note that the Q-P interval was 0.26 seconds, 
whereas the P-R interval of the reciprocal beat was 0.28 seconds. The 
degree of block to retrograde conduction in this instance is approxi- 
mately the same as that to downward conduction. This finding is 
exceptional, and is in contrast to that observed by White* in one case 
in which the Q-P interval was longer than the P-R interval,—0.378 
seconds as compared with 0.24 seconds in one of the digitalis couples, 
and 0.376 seconds as compared with 0.289 seconds in one of the vagal 
pressure couples. As in our ease, and in the instance of paroxysmal 
tachyeardia of A-V origin reported by Drury,’ the reeiproeal ventrien- 
lar beat appeared only when the Q-P interval exceeded a certain in- 
terval. 

The constaney of the electrocardiographic phenomena displayed by 
the patient afforded an exceptional opportunity to study more inti- 
mately the mechanism and so the following observations were made. 


THE EFFECT OF EXERCISE 


After exercise, the ventricular rate rose from 79 to 94, falling to 
82, two minutes after the completion of exercise, and to 76, five min- 
utes after the completion of exercise. Exercise completely abolished 
the reciprocal beats so that the rhythm became regular. Examination 
of the tracings indicates that this change was due to the fact that the 
Q-P interval became shorter and so was not sufficiently great to permit 
the A-V node to recover from its refractory phase and transmit the 
re-entrant wave. The tracing was similar to that observed after 
atropine (Figure 2). The shortening of the Q-P interval was doubtless 
due to the inhibition of the vagus nerve which occurs on exereise® and 
is analogous to the disappearance of reciprocal rhythm after atropine 
observed by Bishop.’ It is significant that in the ease of atrio-ventrie- 
ular rhythm observed by Gallavardin and Gravier,* reciprocal rhythm 
was present only when the vagus nerve was stimulated by pressure. 
Interruption of reciprocal rhythm by exercise was also observed in a 
patient studied by White.* 


In the absence of vagal pressure, reciprocal beats occurred every 
third.or fourth eyele. Either right or left vagal pressure lengthened 
the Q-P interval so that the Q-P interval of the first returning cycle 
was 0.12 seconds, of the second eyele, 0.30 seconds. The latter auricu- 
lar impulse re-entered and excited a second reciprocal ventricular 


THE EFFECT OF VAGAL PRESSURE 
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beat. A reciprocal ventricular beat consequently occurred every see- 
ond eyele. The increased number of reciprocal beats led to a slight 
rise in the ventricular rate. 

The P-R interval of the reciprocal beat was 0.16 seconds, instead of 
0.28 seconds as in the control records. This shortening of P-R was 
probably due to more complete recovery of the A-V node during the 
increased Q-P interval. It is of interest that the converse of this situ- 
ation has likewise been observed, that is to say, with shortening of 
the Q-P interval and a lessened opportunity for the A-V node to re- 
cover, the P-R interval of the re-entrant beat becomes lengthened. This 
inverse relation between the Q-P and P-R intervals was noted by 
Sherf and Shookhoff'® experimentally and is in aceord with observa- 
tions by White.* 

THE EFFECT OF EPINEPHRIN 


The administration of 0.5 ¢e¢. of a 1:1000 solution of epinephrin 
intramuscularly did not abolish the reciprocal rhythm. The Q-P and 
P-R intervals were not altered. An additional 0.5 ¢.¢., 12 minutes 
later, produced no further changes. These observations indicate that 
the disappearance of reciprocal beats after exercise was not due to 
stimulation of the sympathetic nerves. 

i 
THE EFFECT OF PHYSOSTIGMINE 

One milligram of physostigmine was injected subcutaneously, and 
electrocardiograms were taken at five minute intervals for thirty 
minutes, after which two additional milligrams were given. It was 
thought that physostigmine, by stimulating the vagus, might produce 
more frequent reciprocal beats. No such effect was observed, however. 


THE EFFECT OF ATROPINE 


The absence of any effect by epinephrin suggested that the disap- 
pearance of the reciprocal beats on exercise was due to the inhibition 
of the vagus.® To test this possibility, two milligrams of atropine sul- 
phate were given subcutaneously and electrocardiograms were taken 
at frequent intervals during the following half hour. Atropine com- 
pletely abolished the reciprocal rhythm (Figure 2) by shortening the 
Q-P interval to 0.12 seconds or less. No evidence of independent sino- 
auricular activity could be seen in any tracing. 

This effect of atropine in abolishing reciprocal rhythm was noted by 
Bishop’ but was absent in the ease reported by Dock.® In the ease 
reported by White in 1921,° atropine sulphate failed to affeet the 
bigeminal rhythm because the Q-P interval was not sufficiently de- 
creased. 

Frequent tracings were taken during the following days of the 
patient’s life. The amplitude of the QRS complex lessened conspicu- 
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ously and the eardiae rate dropped to 40 per minute with reciprocal 
beats following each nodal beat. In several tracings questionable 
extra ventricular systoles were observed. 

COMMENT. Reciprocal beating of the heart in this patient seemed 
to be influenced mainly by vagal hypertonicity for, while epinephrin 
failed to affect the rhythm, both atropine and exercise completely 
abolished the reciprocal beats. The more frequent occurrence of recip- 
rocal beats on vagal pressure is in aceord with these observations. We 
are unable to explain the absence of any effect by physostigmine. 

Similar to nearly all previously observed cases of reciprocal rhythm, 
the second ventricular complexes were aberrant in form. This is pre- 
sumably due to transmission of the impulse downward during the 
partial refractory phase of the ventricle. 

In reciprocal rhythm the retrograde P-waves are excited by the 
preceding ventricular beats so that, if the ventricular rhythm is regu- 
lar, the retrograde P-waves will likewise be in a somewhat regular re- 
lationship to each other. It may be thought that the tracings of this 
patient might be otherwise interpreted as an instance of complete 
auriculo-ventricular dissociation, the auricles beating at a rate of 50 
per minute and the P-waves, when they fell in a certain phase of the 
diastolic period, oceasionally giving rise to ventricular beats. The 
following considerations weigh against the possibility of an independ- 
ent auricular rhythm. (1) The P-waves were more closely related to 
the preceding ventricular complexes than to each other. (2) Exercise 
failed to cause a significant increase in the auricular rate. (3) Vagal 
pressure did not slow the auricular rate. (4) Atropine was without 
effect on the auricular rate. (5) The abolition of the bigeminy by 
atropine and exercise and the increased frequency of the disturbance 
in rhythm on vagal pressure conform to the previous observations on 
reciprocal beating of the heart and are inexplicable according to the 
other interpretation. 

CASE II. (¥F.S.) The patient was a white widower, 55 years of age, who 
entered the hospital September 8, 1925 complaining of swelling of the legs. His 
past history was irrelevant. He had felt well until two ‘years before admission 
when he noted gradually increasing breathlessness on exertion. One year before 
admission he noticed occasional swelling about the ankles. Four weeks before ad- 
mission the symptoms became more marked and he was troubled by a productive 
cough. Four days before admission he was forced to discontinue work. 

On physical examination the antero-posterior diameter of the chest appeared con- 
siderably increased. The percussion note was everywhere hyperresonant. There 
was a moderate number of medium moist rales at both bases. Expiration was 
prolonged. The cardiac borders could not be percussed out because of the hyper- 
resonance of the chest. The heart sounds were distant, and coupled rhythm could 
be heard. No murmurs were audible. The peripheral vessels were moderately 
thickened and tortuous. The blood pressure was 130 mm. of mereury, systolic; 80 
mm. diastolic. The tender edge of the liver was palpable 4 em. below the costal 
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margin. There was conspicuous pitting edema of the legs and genitalia. The re- 
flexes were normal. The Wassermann reaction of the blood was negative. The 
electrocardiograms described below were taken after the patient had been fully 
digitalized. The patient’s condition gradually improved, and he was able to leave 
the hospital October 12, 1925. 

The diagnoses were generalized arteriosclerosis, myocardial failure and pulmonary 


emphysema. 


Cardiac Mechanism.—tThe electroecardiographic tracings of this pa- 
tient show atrio-ventricular rhythm with right bundle-branch block 
(Fig. 3). As in Case I, reciprocal rhythm is clearly present. In the 
first three pairs of Lead I (Figure 3), the Q-P intervals are approxi- 
mately 0.36 seconds, while the P-R intervals of the reciprocal beats 
are approximately 0.32 seconds. Downward conduction is evidently 
easier than upward or retrograde conduction, a relation similarly ob- 
served in the case reported by White.2 This also has been observed 
experimentally, the Vs-As of retrograde beats being longer than the 
As-Vs interval in the same animal.’® The seventh eyele in Figure 3 is 
not followed by a re-entrant beat. Here the Q-P interval of 0.32 see- 
onds evidently was insufficient to permit recovery of the A-V node. 
In Lead IT (Figure 4) the R-P interval of the second ventricular eom- 
plex is 0.36 seconds with a P-R interval of the reciprocal beat of 0.26 
seconds. This relation is also present in the fourth and fifth eveles. 
The sixth ventricular complex is followed by a retrograde P-wave 
after an interval of 0.32 seconds, an interval which evidently was in- 
sufficient to enable the ventricle to recover from its refractory phase. 
In no place is there evidence of independent auricular activity, the 
P-waves always succeeding the ventricular deflection and in some in- 
stanees being followed by a second ventricular complex. 


CASE III. (D.J.T.) The patient was 55 years of age, and entered the hospital 
June 16, 1915. Nine months prior to admission he first experienced sharp, agonizing 
pain over the heart. The attacks of pain occurred at night and lasted four to five 
hours. Six weeks before entry to the hospital, breathlessness occurred on exertion. 
Ten days before admission edema of the legs developed. 

Physical examination showed extreme dyspnea, orthopnea and eyanosis. Respira 
tion was periodic. The peripheral vessels were tortuous and seclerosed. Medium 
and coarse moist rales were heard everywhere over both lung areas. The cardiac 
impulse was diffuse but not forcible and was maximal in the sixth interspace, 17 em. 
to the left of the midsternal line. The sounds were of fair quality. The second 
aortic sound was louder than the second pulmonie sound and was somewhat aec- 
centuated. A definite protodiastolic gallop rhythm and occasional extrasystoles 
were heard. No murmurs were audible. The liver was moderately enlarged and 
slight edema of the feet and ankles was present. The blood pressure was 184 mm. 
of mercury, systolic, and 140 mm. diastolic. Electrocardiographie tracings on 
June 17 showed normal sinus rhythm. The tracings described below were taken 
after the patient had received 0.1 gram of digitalis leaves three times daily for 
4 days. After rest in bed the patient improved and left the hospital, July 18, 1915. 
He died at home on February 17, 1916. 
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Cardiac Mechanism.—The tracings (Figures 5, and 6) in this ease 
show reciprocal beating of the heart, with A-V nodal rhythm and retro- 
grade heart-block. In Lead I, (Fig. 5) the R-P interval of evele A js 

. 0.12 seconds, of cyele B, 0.18 seconds and of eycle C, 0.40 seconds, the 

latter P-wave being followed by a ventricular response. In this lead, 
lead II (Figure 6), and lead III, the P-R interval of the reciproeal 
beats is much shorter than the immediately preceding Q-P interval. 
This is in contrast to the observation in Case | but is similar to the 
findings in Case II and in one of White’s patients.” 


CASE IV. (H.L.H.) The patient was 44 years of age, and entered the hospital, 
May 22, 1926 complaining of shortness of breath. Two years before admission he 
noticed dyspnea on exertion, and three weeks before admission swelling of the legs 
and distention of the abdomen appeared. Physical examination showed orthopnea 
and marked eyanosis, congestion of the lungs and free fluid in the chest and ab- 
domen. The heart was greatly enlarged. The heart sounds were of poor quality and 
coupled rhythm was present. At the base the second aortic sound was absent and 
there was a loud rough systolic murmur transmitted upwards. A systolic thrill was 
palpable in the second right interspace. The peripheral vessels were moderately 
sclerosed and tortuous. The blood pressure was 113 mm. of mercury, systolic and 
68 mm. diastolic. There was marked edema of the scrotum, thighs and legs. Ex- 
amination of the blood including the Wassermann reaction showed no abnormalities. 

The clinical diagnoses were cardiac decompensation, aortic stenosis, chronic myo- 
carditis, general anasarca. The electrocardiographie tracings were taken before 
digitalis could have taken effect. The patient became rapidly worse and died within 
a few hours after admission to the hospital. 

Post-mortem examination showed chronic endocarditis, aortic stenosis, hypertrophy 
and dilatation of the heart, anasareca, bronchopneumonia and chronic passive con- 
gestion of the viscera. 


Jardiac Mechanism.—The tracings of this patient (Figure 7, Figure 
8) show the most. marked variations in retrograde block of any hitherto 
observed. These variations confirm in certain details the observations 
on the preceding three cases. The ventricular deflection of cycle A, 
in Figure 7, is preceded by an inverted P-wave. The ventricular de- 
flection is of supraventricular origin. The occurrence of the P-wave 
before the ventricular deflection is evidently due to facilitation of 
the spread of the excitation wave upwards so that the auricular re- 
sponse occurs at an appreciable interval before spread of the excita- 
tion wave downwards over the ventricle (approximately 0.12 seconds 
in this instance). In cycle B passage of the excitation wave evidently 
encounters more difficulty, for the P-wave seems to be buried in the 
QRS deflection. In cycle C the P-wave follows the initial portions of 
the QRS deflections by approximately 0.12 seconds. The retrograde 
P-wave distorts the S-T interval and causes more marked inversion of 
the T-wave. In eyele D the R-P interval has increased to 0.28 see- 
onds. The ventricle has evidently recovered from the absolute refrac- 


tory stage for a ventricular response immediately follows the P-wave 
(eyele E). The aberrant form of this complex probably is due to the 
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fact that the response oceurred while the ventriele was still in the 
partial refractory phase. This interpretation is supported by cycles 
Gand H. The R-P interval in eyele G is 0.04 seeonds longer than in 
eyele D; the ventricle has had a longer period of time in which to 
recover and consequently the succeeding reciprocal eyele IL beat is 
more nearly normal in outline. 

Similar events are shown in Figure 8 which is a tracing from Lead 
III. In the first eyele following the previous reciprocal beat, the 
P-wave appears before the ventricular deflections. In eyvele B, the 
P-wave depresses the S-T interval and causes notching of T. In eyele 
C the R-P interval is approximately 0.32 seconds, and a reciprocal 
beat of the heart follows. The degree of retrograde block shown in 
this case is not uniform so that reciprocal beats oceur every third, 
fourth, or fifth evele. As might have been expected with such vary- 
ing R-P intervals, the P-R intervals likewise vary, the shorter R-P 
intervals being followed by longer P-R intervals of the reciprocal 
beats. The characteristic pairs of ventricular complexes with an in- 
verted auricular deflection sandwiched between are seen in eyeles C 
and D, and G and H. 


SUMMARY 


The clinical and electrocardiographie aspects of four cases of recip- 
rocal beating of the heart are recorded and the nature of the abnormal 
mechanism is discussed. 

In one case the disturbance was sufficiently prolonged to permit ex- 
tensive pharmacological study. This study indieated that reciprocal 


beating was influenced mainly by vagal hypertonicity. 


It is a pleasure to acknowledge our indebtedness to Dr. Henry A. Christian for 
the use of the records of the Peter Bent Brigham Hospital and to Dr. Samuel A. 


Levine for his helpful suggestions. 
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THE MECHANISM OF TRANSITIONS FROM AURICULO- 
VENTRICULAR DISSOCIATION TO S8-A RHYTHM; ITS 
RELATION TO THE THEORY OF 
PARASYSTOLE* 


HerRMAN LL. BuuMGART, M.D. AND SaAMuet L. M.D. 
30STON, Mass. 


IGEMINAL rhythm has been the subject of considerable study, 

not only because it is intrinsically important, but also because 
knowledge of its mechanism may aid in understanding other cardiac 
irregularities such as paroxysmal tachyeardia. At the present time 
there are two prevailing theories concerning the mechanism of coupled 
beats, the theory of re-entry and the theory of parasytole. According 
to the former theory, the second extra beat is excited by the re- 
entrant wave of the preceding normal systole. According to the 
theory of parasystole, the extra beat is not related to the normal sys- 
tole, but is one of a series of impulses built up slowly and rhythmieally 
by another independent center. The two impulse centers, the one nor- 
mal, the other arising anew, are in the main independent but may not 
be completely so, for premature beats may be liberated from one 
center by the occasional receipt of an impulse from the other. 

In a previous communication’ four examples of coupled rhythm 
were reported in which the mechanism seemed explicable according 
to the theory of re-entry. The tracings showed atrio-ventricular 
rhythm with oceasional coupled beats. An inverted or diphasie aurie- 
ular complex was sandwiched between the two coupled beats. The 
mechanism of the disturbance was interpreted as follows. The im- 
pulses originated in the A-V node with propagation of the impulse 
upward over the auricles and downward into the ventricles. In sue- 
ceeding cycles, ventricle-to-auricle conduction became more and more 
difficult because of retrograde partial heart-block, the auricular com- 
plex occurring progressively later in relation to the ventricular deflee- 
tion until the Q-P interval was sufficiently great to allow recovery 
of the ventricle from its refractory phase. When the Q-P interval 
reached a certain critical value, the P-wave evidently re-entered the 
ventricle and excited a second ventricular response. The coupling 
displayed by the four cases was explicable, therefore, according to the 
theory of re-entry. 
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The following two eases are examples of coupling, the mechanism 
of which seems clearly in accord with the other theory, the theory of 


parasystole. 


CASE I. 

M.E.Y., was a colored widow of 47 years who had been in the hospital from 
May 19, 1925 to July 30, 1925. At that time she had complained of a pro- 
duetive cough and breathlessness of one month’s duration. Physical examination 
showed essentially the same abnormalities as on the present admission except for 
seattered areas of consolidation in both lungs. The clinical diagnoses were broneho- 
pneumonia, circulatory insufficiency and syphilis. With rest in bed and digitalis, 
she improved and felt fairly well for 4 months or until five months before the 
present entry when she noted the gradual onset of abdominal enlargement, breath- 
lessness and palpitation of the heart. 3eecause of these symptoms she was forced 
to enter the hospital again on April 28, 1926. 

Physical examination showed a very dyspneic negress with slight edema of the 
face. The pupils were irregular and did not react to light. The heart was 
slightly enlarged to percussion. The underlying cardiae rhythm was regular, but 
was interrupted by an occasional extrasystole. There was a soft systolic murmur 
at the apex. The blood pressure was 230 mm. of mereury, systolic, and 115 mm. 
diastolic. The radial pulses were equal, synchronous and regular. Both lungs 
showed the physical signs of congestion and there was fluid at the bases of both 
lungs and in the abdomen. There was marked pitting edema over the tibiae and 
ankles. The Wassermann reaction was positive. The urine showed a trace of 
albumin with many waxy easts. The electrocardiographie tracings shown below 
(Figures 1 & 2) were taken May 17, 1926. During the preceding week the patient 
had taken a total of 1 gram of digitalis leaves. In spite of treatment, she grew 
progressively worse and died on June 21, 1926. 

An autopsy was performed. The heart weighed 380 gms. On section the 
myocardium was found to be thickened and a moderate number of fibroid patches 
was present. The heart valves were normal. Numerous linear sears of the aorta 
were apparent just above the aortie valve and the intima was drawn into folds. 
The pathological diagnoses were chronie nephritis, tuberculosis of the left kidney, 
hypertrophy and dilatation of the heart, edema and atelectasis of lungs, chronie 
polyserositis, cirrhosis of liver, pyosalpinx, endometritis, syphilis and generalized 


arteriosclerosis. 


Cardiac Mechanism.-—The first four eyeles of Figure 1 show normal 
sino-auricular rhythm, with P-R intervals of 0.15 seconds. The inter- 
auricular intervals between P,, P., P,, and P, are 0.70 second, 0.70 
second and 0.71 second. The next auricular impulse, P,, appears 
after 0.76 second. Before the impulse can be transmitted to the ven- 
tricle, the latter manifests its own inherent rhythm by escaping from 
sino-auricular control. P,, P,, P;, and R,, R,, R,, R, are unrelated, 
the electrocardiographic tracing showing complete auriculo-ventricu- 
lar dissociation. Since the ventricular rate is faster than the auricular 
during this period of dissociation, the auricular deflections fall pro- 


gressively later in relation to those of the ventricle. Henee, P,; pre- 
eedes R., while the diminution of S and the slightly inereased height 
of R, indicate that P, is buried in the ventricular deflections. P, is 
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represented by the peaked S-T interval in R,, while in R, the inversion 
of T is almost obliterated by the simultaneous ocecurrenee of P,. P, 
oceurs 0.23 second following the onset of the preceding ventricular 
deflection, R,, an interval sufficiently great to permit the ventricle 
to recover from its refractory phase. The auricular beat, P., conse- 
quently excites a premature ventricular response, R,. The P-R interval 
of this coupled beat is 0.25 second, an interval somewhat greater than 
that during normal sinus rhythm. This increase in conduction time is 
probably due to transmission of the P-wave during the partial refrae- 
tory phase of the A-V node. 

The relatively prolonged P-R interval of P.-R, allows the auricle to 
send another impulse, P,, across the A-V node before the ventricle 
ean build up its next impulse. P, consequently forees a ventricular 
response, R,,, after an R-R interval of only 0.66 second. The sequence 
of events then repeats itself, P,, stimulating a ventricular deflection 
R,,, while with R,, eseape of the ventricle again becomes evident. The 
inherent rhythmicity of the ventricles in this tracing is higher than 
that of the auricles and so it may seem curious that the A-V node did 
not assume complete control of the auricles and ventricles. The failure 
of the A-V node to assume control is due to the blocking of all retro- 
grade impulses from ventricle to auricle. The phenomenon of unidi- 
rectional block has been noted by other observers both clinically and 
experimentally and forms one of the important concepts about which 
the theory of parasystole is built. A similar form of coupling oceur- 
ring in almost complete auriculo-ventricular dissociation has been ob- 
served, in a very few instances, by Hewlett,? White,? and Mobitz,* but 
so far as we are aware, no examples occurring with repeated transi- 
tions from S-A rhythm to complete auriculo-ventricular dissociation 
have previously been reported. 

The ease studied by Hewlett? showed complete dissociation except 
rarely when the auricular impulse descended upon the ventricle after 
a certain eritical interval, and excited a premature beat of the ven- 
tricle. The P-R interval of the premature beats varied from 0.48 to 
0.60 second. <Auriculo-ventricular sequence was absent except for 
these rare beats. Reverse conduction from the ventricles to the auricle 
was so depressed that no retrograde P-waves were present. The case 
reported by White*® was similar, complete dissociation being present 
except for rare beats showing A,-V, sequence. The P-R interval of 
the premature beats with transient auriculo-ventricular association 
was approximately 0.30 second. In all cases reported, the ventricular 
‘ate was higher than that of the auricles and reversed conduction from 
ventricles to auricles was absent. 


Figure 2 is an electrocardiographie tracing, Lead III, from Case T. 


The mechanism of the irregularity is essentially the same as that 
shown in Lead I (Fig. 1). The tracing (Fig. 2) offers certain data 
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which corroborate the interpretation of the mechanism of the eleetro- 
cardiogram of Lead |. P, is followed after an interval of 0.16 second 
by a normal ventricular response. Although P, precedes R, by 0.12 
second, the ventricular deflection is of an aberrant type indicating 
that ventricular escape has occurred. P., P,, Py, P; and R., R,, R,, R., 
and R, show complete auriculo-ventricular dissociation. The ventrieu- 
lar rate is faster than the auricular so that the P-waves fall progres- 
sively later in relation to the ventricular complexes. During the period 
of complete dissociation the auricular impulses reach the ventricle 
while it is evidently still in the refractory phase. P,, falls late enough, 
however, to incite a ventricular response, R;. The contours of R, and 
R, indicate responses of the supraventricular type. Beginning with 
P, and R, complete dissociation is again evident. The previously de- 
scribed events then repeat themselves, P,, finally evoking a ventricu- 
lar response, R,,, after a P-R interval of 0.28 second. Of the two 
P-waves, P,, and P,,, which excite premature beats in this tracing, P,, 
occurs 0.07 second closer to the onset of the preceding ventricular 
deflection than P,. The R-P interval of R,-P,, 
R-P interval of R,.-P,, is 0.18 seconds. The longer P-R interval of 
P,,-R,, is consequently to be explained by the P-wave reaching the 


is 0.25 second, while the 


ventricle earlier when the latter is more refractory. In Lead | the 
R.-P, interval was 0.23 second and the P.-R, interval 0.25 second, 
intervals closely similar to those of R,-P,, and P,-R. in Lead III. 

The tendency of the arrhythmia to repeat itself, to which the term 
allorhythmia has been applied, is of considerable interest. Kaufmann 
and Rothberger® observed that if the regularly beating auricle or ven- 
tricle of the dog or cat is exposed to a series of rhythmic shocks at any 
rate lower than the natural beat, a simple allorhythmia appears. This 
allorhythmia consists of premature beats occurring at certain regular 
intervals. It is the result of the regular interference with the build- 
ing up of natural impulses by stimuli emanating from another inde- 
pendent source. The effective shock breaks down the stimulus mate- 
rial at the natural pacemaker prematurely and is followed by a pause 
of fixed length. As in Case I, the time relations between any two such 
rhythms leads to regular repetition of premature responses as soon as 
the time relation between the beat of one rhythm and the beat of the 
other rhythm reaches a certain critical value." 

The tracings of Figures 1 and 2 are clinical examples closely analo- 
gous to the phenomena observed by Kaufmann and Rothberger. The 
auricular impulses in these tracings are comparable to the series of 
rhythmic shocks to which the regularly beating ventricle is exposed. 
The time intervals of these clinical tracings are not as precise as those 
found experimentally, due probably to the influence of the extra 


ecardiae nerves. 
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CASE II. 
T.J.M., 2 white blacksmith’s helper of 22 years, entered the hospital June 30, 


1920. He felt well, until 10 days before admission, when he was foreed to 
vo to bed because of weakness, fatigue, and the onset of severe, dull substernal 
pain. There was no palpitation of the heart or swelling of the legs. Because of 
persistent pain and increasing weakness he decided to enter the hospital. 

Physical examination showed orthopnea and marked venous pulsations in the 
neck. The heart was moderately enlarged downward and to the left. A rough 
systolic murmur transmitted into the great vessels of the neck and a soft blowing 
diastolic aortic murmur were heard over the conventional aortic area. The cardiac 
rhythm was regular except for a premature beat every 8 to 12 cycles. Both first 
and second sounds of the premature beat were audible. The radial pulses were 
equal, water hammer in type, and the rate was 60 per minute. The vessel walls 
were easily compressible. Duroziez’s sign and a pistol-shot sound were heard over 
the femoral artery. The blood pressure was 190 mm. mercury, systolic and 0 mm. 
mercury diastolic. The lungs were clear and resonant throughout. The vital 
capacity of the lungs was 4000 e.c. Examinations of the urine and blood were 
repeatedly negative. 

The diagnoses were chronic rheumatic valvular disease, mitral stenosis and in- 
sufficiency, aortic insufficiency and stenosis. 

The patient responded readily to treatment, and rest in bed. He did not receive 
digitalis. The electrocardiographie tracings were taken on June 30, 1920. He was 
discharged July 10, 1920. 

He was readmitted August 7, 1921. Physical examination showed essentially the 
same findings as previously with the exception of the signs of fluid at the bases of 
the lungs and marked pitting edema of both legs. The electrocardiographic tracings 
on this admission showed normal sinus rhythm. He died at home, October 13, 1921. 


Cardiac Mechanism.—The eardiae mechanism in Figure 3 is similar to 
that present in Case I. P, excites a ventricular response, the trans- 
mission interval of 0.21 second, indicating delay in conduction. The 
inherent rhythmicity of the ventricles is greater than that of the 
auricles and leads to ventricular escape. P., P,, P, and R., R,, R, and 
R; show complete auriculo-ventricular dissociation. The relation be- 
tween the auricular and ventricular beats is such that the auricular 
impulse occurs progressively later in relation to the ventricular im- 
pulses. The auricular impulses are not followed by ventricular re- 
sponses because they descend upon the ventricles while the latter are 
evidently refractory. The onset of P,, for example, precedes the 
onset of R, by 0.08 second, while the onset of P, occurs 0.13 second 
after the onset of R,. The beginning of P, follows the initial deflee- 
tions of R, by 0.22 seeond, an interval of time sufficiently great to 
permit ventricular response after a transmission interval of 0.44 see- 
ond. This inerease in the P-R interval of P,-R, indieates partial re- 
fractoriness of the A-V node. The foreed beat evidently destroys the 
immature impulse forming in the ventricle and a new impulse is then 
built up at the usual rate. Following the ventricular response, R,, 
the next ventricular beat might have been expected after an interval 
of approximately 1.13 seconds. But before the ventricle can build up 
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this impulse, the transmission of P,, after an interval of only 0.88 see- 
ond, forces a response R,. The coupled beat, R,, is coincident with a 
quickening of the auricular rate so that the latter approaches the rate 
of the ventricles. As in Case I, this faster auricular rate enables the 
S-A node to maintain control of the heart during immediately sue- 
ceeding eveles. This effect of the ventricular contractions on the rate 
of the auricular contractions is somewhat surprising in view of the 
complete block to reversed conduction which was present during the 
period of complete auriculo-ventricular dissociation. This effect of the 
ventricle on the auricular rhythm has been noted in clinical examples 
of complete heart-block by Wilson and Robinson.* They observed 
that the interauricular interval period during which the ventricular 
systole fell was shorter than those which followed. 

Figure 4 shows a tracing of Lead III of Case Il. The first three 
P-waves, P,, P. and P, incite normal QRS deflections. P,, however, 
precedes R, by too short an interval to be responsible for the ventrieu- 
lar response. The aberrant form of the QRS deflections of R, is fur- 
ther evidence that escape of the ventricle has oceurred. P,, P, and 
P, represent auricular contractions which are entirely dissociated from 
ventricular deflections, R,, R,, R, and R,. P;, however, falls suffi- 
ciently clear of R, to excite a ventricular response, R,, after a trans- 
mission interval of 0.42 second. The appearance of the premature 
coupled beat is coincident with a quickening of the auricular rate so 
that the S-A node regains and maintains control of the heart until P,,. 
The interauricular interval P,,-P,, is lengthened and complete dis- 
sociation again appears with P,,, P,, and R,., R,,. The tracings of 
Case II show the same fundamental features as those of Case I. Both 
show inherent rhythmicity of the ventricles greater than that of the 
auricles; both show the phenomenon of unidirectional block. The etiol- 
ogy of the heart disease in Case I was syphilitic, in Case II, rheumatie. 
Both patients showed elevated systolic blood pressures. The abnormal 
mechanism oeceurred in Case I after moderate doses of digitalis while 
in Case II the phenomenon appeared without digitalis. 


SUMMARY 


1. Electrocardiographie tracings of two patients showing a rare form 
of bigeminy are deseribed. Although a similar form of coupled rhythm 
occurring in almost complete auriculo-ventricular dissociation has 
been observed rarely, no instanees occurring in repeated transitions 
from complete auriculo-ventricular dissociation to S-A rhythm have 
previously been reported. 

2. The period of auriculo-ventricular dissociation was terminated 
by an A,-V, sequence when the auricular impulse descended to the 
ventricle after an interval of at least 0.46 second in Case I and of at 
least 0.68 second in Case If. Although reversed conduction from ven- 
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tricle to auricle was at all times absent, the premature ventricular re- 
sponse was invariably followed by quickening of the auricular rhythm, 
the S-A node gaining control of the heart for several beats. With 
subsequent slowing of the auricular rate, complete auriculo-ventricular 
dissociation again occurred and the eyele of events was repeated. 

8 The abnormal mechanism oceurred in one ease after moderate 


doses of digitalis; in the other ease, in the absence of digitalis medi- 


cation. 
4. The relation of the mechanism to the theory of parasystole is 


discussed. 


We gratefully acknowledge our indebtedness to Dr. Henry A. Christian for the 
use of the records of the Peter Bent Brigham Hospital and to Dr. Samuel A. Levine 


for his helpful suggestions. 
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THE QUANTITATIVE ASPECTS AND DYNAMICS OF THE 
CIRCULATORY MECHANISM IN ARTERIAL 
HYPERTENSION* 


Soma Wess, M.D., anp LAuRENCE B. Exuis, M.D. 
Boston, Mass. 


HE etiological causes of arterial hypertension are manifold. In that 

sense, arterial hypertension is not a disease entity. Its presence over 
a prolonged period of time, nevertheless, exerts such an important effect 
on the entire vascular system and on the functions of a number of or- 
gans in man, that it should not be considered so much a symptomatie 
manifestation as an important morbid state of the body. A number of 
studies are available in the literature on morphological changes in pa- 
tients suffering from high arterial blood pressure of long duration. 
These studies fail to reveal either the etiology or the mechanism of the 
circulation in the presence of high arterial blood pressure. There is, 
moreover, a lack of quantitative evaluation of the ecardiae work and of 
the peripheral circulation. The largest part of the available and con- 
flicting information has been obtained from animals with experimentally 
induced high blood pressure," * * or from observations of certain quali- 
tative aspects of the cireulation in man.* 


THE PROBLEM 


This investigation was undertaken with the hope of shedding light 
upon the state of the circulation in man in the presence of high blood 
pressure. Such knowledge may be of aid in the understanding of cer- 
tain clinical manifestations of this condition and of its complications. 
A better knowledge of the physiology of hypertension may be of value 
also in revealing the etiological mechanisms of the disease and thus pave 
the way for sound therapy. 

Reliable methods for the measurement of the dynamies of the cireu- 
lation in man have not been available until recently. The results of the 
few investigations that have dealt with the functional aspects of the 
circulation are in conflict, partly because of the frequent unreliability of 
the methods used, and partly because of a lack of precise correlation 
between the clinical state of the patients and the observations made. 
Throughout the developmental stages of arterial hypertension, just as 
in other morbid states, continuous changes occur in the bodily functions. 


*From the Thorndike Memorial Laboratory, Boston City Hospital, and the De- 
partment of Medicine, Harvard Medical School, Boston, Mass. 

This investigation was aided in part by a grant from the William W. Wellington 
Fund of the Harvard Medical School, 
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Without the clinical definition of the condition of the patient the labo- 
ratory observations lose their significance. 

In the presence of persistent hypertension it is important to obtain 
knowledge of the functional state of the heart and of the peripheral cir- 
culation. Methods for the direct measurement of the work and energy 
consumption of the heart in man do not exist. An estimation of the effi- 
ciency and accomplishment of the heart is, nevertheless, possible through 
a measurement of the peripheral cireulation provided that the function 
of the cardiae valves is normal. In the evaluation of the state of the 
peripheral circulation in hypertension the following factors are of pri- 
mary significance: (1) the pressure gradients in the vascular cireuit, 
(2) the cardiae output per unit of time and per beat, (3) the circulating 
blood volume, (4) the velocity of blood flow, (5) the viscosity of the 
blood, (6) the hemoglobin content of the blood, (7) the peripheral resist- 
ance of the vaseular bed, (8) the relative distribution of blood between 
the lesser and greater circulation. 

If the cardiovascular system is considered as a simple hydraulic sys- 
tem, then an abnormal increase in the cireulating blood volume, in the 
eardiae output, in the peripheral resistance, or in the viscosity of blood 
would produce hypertension. In reality, however, a number of regula- 
tory mechanisms are active in the body which prevent the development 
of hypertension under certain conditions. These regulatory functions 
may influence the circulation independently or in combination with each 
other.. Because of the presence of these regulatory mechanisms, one can 
not foretell, on the basis of theoretical consideration, the state of the 
circulation in man. Similarly, the effect of one or two measured aspects 
of the cireulation on a third undetermined factor can not always be 
predicted. Thus normal and pathological conditions of the cardiovascu- 
lar system may exist with normal blood pressure, although the blood 
volume is increased, as oecurs following increased fluid intake, in certain 
types of cireulatory failure and in diabetes insipidus. In like manner, 
the cardiae output and the velocity of blood flow may increase consider- 
ably without elevation in the arterial pressure as, for example, takes 
place with muscular work, in the presence of anemia, and in hyperthy- 
roidism. An inerease in the peripheral resistance does not always predi- 
cate high blood pressure. This state of affairs may be observed in heart 
failure and in the presence of vascular spasm. Inereased viscosity of 
the blood is often present with normal blood pressure as occurs in dia- 
betes mellitus, shock, and polyeythemia. In these conditions compensa- 
tory changes of regulatory functions of the body prevent an increase in 
blood ‘pressure. The above mentioned examples clearly indicate that in 
order to obtain a knowledge of the dynamies of the circulation in hyper- 
tension it is essential that several of the circulatory functions should be 


measured simultaneously. 
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PLAN OF INVESTIGATION AND METHODS USED 


Eleven of the patients with hyperterision studied comprised one group 
who were in good physical condition, with normal capacity for work 
(Table 1). The high arterial blood pressure was discovered either acei- 
dentally, or during a physical examination undertaken because of the 
presence of subjective sensations. In another group, composed of six- 
teen patients, the muscular activities were limited because of dyspnea and 
weakness on moderate exertion (Table IT). In both groups there was 
clinical evidenee that peripheral arteriosclerosis was either absent or 
slight. The kidney function was normal in a majority of the patients. 
Observations were made additionally on three patients with primary 
chronic nephritis and secondary high blood pressure (Table III). None 
of the patients of any group exhibited signs of failure of the cireula- 
tion while under observation. 

The aspects of the circulation studied and the methods used were as 
fellows: The arterial blood pressure was measured by the Riva Rocei 
method, using either a mereury sphygmomanometer with the ausculta- 
tory method, or the graphie recording device of Tyeos. Often the two 
procedures were employed simultaneously. In our experience, in normal 
individuals and in a majority of patients with hypertension, the two 
methods give approximately identical results. There are patients with 
hypertension, however, in whom the pressure obtained with the graphie 
method is considerably higher. The arteriolar and the capillary pres- 
sures were estimated by a modified Recklinghausen technique.” The 
method of Moritz and Tabora® was employed to obtain the venous pres- 
sure. Measurement of the cardiae output per minute and per beat was 
made by the method of Field, Bock, Gildea and Lathrop‘; seven alveolar 
air and mixed venous blood samples being obtained for each determina- 
tion. We feel that for comparative measurements this method is reli- 
able. Either the Tissot or the Benedict-Roth method was used in ealeu- 
lating the basal metabolic rate. The circulating blood volume was 
measured according to the technique described by Keith, Rowntree, and 
Geraghty. Estimation of the arm to face circulation time was made 
with histamine.® The mean velocity of the entire circulation was ealeu- 
lated by dividing the cireulating blood volume by the cardiae output per 
minute. All tests were performed in post absorptive state and with the 
patient in prone position. 


RESULTS 


Tables I, II and III contain the results of the measurements of the 
cardiae output per minute and per beat, the oxygen consumption and 
‘arbon dioxide output, and other related measurements on 30 patients 
with hypertension. On 16 of the patients repeated measurements were 
performed at different intervals. In all 68 measurements were made. 
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Table IV presents the averaged data for the three groups of patients and 
the group of normal subjects. The average cardiac output of the hyper- 
tensive patients with normal cardiae function was identical with that of 
the normal group although the maximal variations were greater in the 
group of hypertensive patients. Considerable difference was found in 
the output of the various patients and also in the same patient at dif- 
ferent times. The observations showed no definite correlation between 
the blood pressure and the eardiae output. Although the average ear- 
diae output per minute was 1.0 liter lower in patients with impaired 
cardiae reserve than in patients with normal capacity for work, never- 
theless, this difference in blood flow was less when the cardiae output 
was calculated per 100 ¢.c. of oxygen consumed. The difference between 
the alveolar and venous earbon dioxide tension, in its relation to the 
‘ate of blood flow, is an important index of the efficiency of the cireula- 
tion. The average difference between the alveolar and virtual venous 
carbon dioxide tension was the same in the normal subjects and in 
patients with normal functional capacity. It is of interest that while the 
average cardiac output of the patients with impaired function was lower 
than normal, the carbon dioxide transportation was higher. The blood 
flow corresponding to the consumption of 100 ¢.c. of oxygen was 2.4 
liters, while it was 2.7 liters in 13 control normal individuals. In some 
of the patients with increased basal metabolism the rate of blood flow 
per 100 ¢.c. of oxygen consumed was even lower. It was 1.8 and 1.5 
liters in patient 19. 

The average rate of the exchange of blood gases in the capillaries was 
increased in the patients with lowered cardiac reserve in comparison 
with the patients with a normal heart function. A similar behavior has 
been noted’ in patients with rheumatic heart disease. Table V presents 
data concerning the circulatory blood volume, the mean velocity of the 
circulation, and the arm to face circulation time in the presence of 
hypertension. The circulating blood volume was within normal limits 
in patients with hypertension regardless of whether the functional 
capacity of the patient was normal or moderately limited. The mean 
velocity of the circulation was either within or slightly above the upper 
limit of normal. 

The respiratory minute volume as indicated in Tables I, If, IIT and 
1V was normal; the respiratory rate was also normal. The average tidal 
air volume was 448 ¢.c. in the group of normal subjects, 419 ¢.c. in the 
group of patients with normal funetion, and 394 e¢.c. in the group with 
impaired function. We did not observe hypoventilation in hypertension 
as suggested by Rappaport.’. The oxygen consumption was normal— 
that is to say, below + 15 per cent of basal metabolism in 19 patients, and 
was elevated in 11 patients. 

Table VI presents the gradient of pressure from the arteries to the 
arterioles, capillaries and veins. Abnormally high pressure was found 
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to exist in the arteries and arterioles, whereas the pressure in the eapil- 
laries and veins was within the normal range. As has been noted be- 
fore,® there is an abnormally great resistance in the arteriolar circuit of 
patients having arterial hypertension with high diastolic pressure. 


DISCUSSION 


A. The Localization of the Peripheral Resistance in Arterial Hyper- 
tension. In the presence of arterial hypertension a disproportion must 
exist between the cardiae output and the resistance offered the flow of 
blood through the peripheral vascular bed. Such disproportion may 
develop either because of increase in ecardiae output and velocity of 
blood flow or because of change in the peripheral resistance. The find- 
ings presented above are in agreement with the findings of Lauter and 
saumann"™ and Burwell and Smith,” but contrary to the observations of 
Liljestrand and Stenstrom™ and Hayasaka.'® They indicate that the car- 
diac output in the presence of high blood pressure is not above the upper 
limit of normal. According to our findings the cardiae output and the 
mean velocity of the circulation may be below normal in certain patients 
with apparently normal cardiae reserve. In the causation of hyperten- 
sion, therefore, the disproportion is due to changes in the peripheral vas- 
cular bed. Whatever the nature of the morphological or functional vas- 
cular changes responsible for the development of high blood pressure 
may be, they must involve important and extensive areas. Changes in the 
larger or smaller vessels of a single organ alone cannot produce hyperten- 
sion. It has been suggested‘ as a result of post-mortem studies of blood ves- 
sels that one of the important etiological factors in the causation of hyper- 
tension is the loss of elasticity of the walls of the larger arteries. It has 
been claimed*® that the active contractions or elastic rebound of 
the larger arteries during diastole plays an important role in the pro- 
pulsion of blood. With the loss or reduction of the normal elasticity 
of the arteries, a compensatory higher initial blood pressure is essen- 
tial to carry the blood through the capillary system with the optimal 
pressure and velocity. If this conception is correct, it would follow 
also, that the pressure in the precapillary vessels (arterioles) should 
be the same in hypertension as it is in normal individuals; or that an 
abnormally high pressure gradient should exist between the aorta and 
large arteries and the arterioles. This, however, is not the case. In a 
previous study’ and in Table VI we have submitted evidence that in 
essential hypertension without marked arteriosclerosis, the abnormal 
fall in pressure is not between the large arteries and arterioles, but 
between the arterioles and the eapillaries. In addition, we have shown 
that in normal individuals it is also between the arterioles and ecapil- 
laries that the marked fall of pressure occurs. The drop in pressure 
may be as great as 80 mm. Hg. in normal individuals and 150 mm. Hg. 
in patients with hypertension. This finding is in harmony with the 
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20, 


observations of Landis? 
certain mammals the most significant peripheral resistance is offered 


21 that in the mesentery of the frog and of 


by the arteriolar system, including the arteriolar ends of the capillaries. 

The conception that the gradient of pressure between the arteriolar 
and eapillary systems is abnormally high in arterial hypertension leads 
inevitably to the conclusion that the immediate cause of hypertension 
is an abnormal accentuation of the normal physiological resistance of 
the arteriolar system. This conclusion, of course, does not reveal the 
factors responsible for the increased arteriolar resistance. 


TABLE VI 


THe ARTERIAL, ARTERIOLAR, CAPILLARY AND VENOUS PRESSURES IN PATIENTS WITH 
ARTERIAL HYPERTENSION 


ARTERIAL 
BLOOD PRESSURE 


~ 12 9/27/28 214 140 165 14 +6 Impaired 
13 9/26/28 158 110 120 8 + 5 Impaired 
1 9/25/28 170 96 75 1] Normal 
14 9/24/28 206 114 150 8 +2 Impaired 
2 10/27/28 180 124 100 1] + 8 Normal 
16 10/11/28 184 118 100 3 +5 Impaired 
17 11/ 5/28 270 65 130 9 + 7 Impaired 
3 11/ 6/28 180 120 150 11 5 Normal 
4 12/17/28 280 160 150 9 +9 Normal 
30 2/28/29 210 130 90 21 + 4 Impaired 
18 3/15/29 160 90 110 14 + 6 Impaired 
7 3/18/29 230 120 130 11 Normal 
19 3/19/29 210 112 110 12 +4 Impaired 
20 4/15/29 215 90 120 18 +12 Impaired 
21 4/24/29 185 120 110 12 +12 Impaired 
9 5/15/29 170 110 130 14 + 6 Normal 
15 10/ 2/28 220 115 +5 Impaired 
29 2/16/29 230 140 120 Zz +2 Impaired 
Average 204 115 122 12 + 6 
Average Normal 126 64 55 8 +5 


B. The Quantitative Aspect of the Arteriolar (Precapillary) Resist- 
ance in Arterial Hypertension. In a rigid tubing system the relation- 
ship between pressure and stream is expressed according to Poiseuille’s 
law,”* which states that the amount of fluid streaming through a narrow 
tube is direetly proportional to the fourth potential of the cross see- 
tional area and to the pressure of the fluid; and indirectly proportional 
to the length of the tube. 


V signifies the amount of fluid flowing through the tube in a unit of 
time; P, the pressure of the fluid; D, the cross sectional area of the 
tube; L, the length of the tube; K, a constant. Although, as Tiger- 


| 
 K.P.D* 
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stedt** has pointed out, it is questionable whether this law can be 
rigidly applied to the cireulation, the error involved in such appliea- 
tion cannot be large encugh to change the eeneral significance of the 
conclusions. If one considers that, as observed, the cireulatine blood 
volume in cases with hypertension is within normal limits, L, the 
length of the arterioles, is essentially unchanged; and V, the amount 
of fluid cireulating through the vessels in a unit of time, is either nor- 
mal or below normal—then it follows that because P, the arteriolar 
pressure, is high, D, the value for the cross sectional area of the 
arteriolar bed in hypertension, is smaller than in the normal condition. 

In the causation of altered peripheral resistance of the circulation in 
hypertension, this change in the cross sectional area may well play the 
important role, for other factors, such as the relation between the 
blood stroma and plasma, as well as the viscosity of blood and the 
circulating blood volume, show no change from normal. If we, there- 
fore, consider that the resistanee of a tube system is directly propor- 
tionate to the length of the tube and indirectly to the cross section, it 
follows that the resistance being R: 

\ 

According to our findings, the average mean blood pressure in the 
patients with arterial hypertension was 160 mm. Hg. (it ranged from 
112 to 215). The average cardiae output was 5.8 liters. These findings 
would correspond to a resistance which may be expressed with an 
index of -= 2.8. In thirteen normal individuals, the average mean 
blood pressure was 87 mm. Ilg. (it ranged from 62 to 114) and the 
average cardiae output was 6.4 liters, indicating a resistance index of 
87 
the eardiae work which was about twice as great in the group of pa- 


1.3. The peripheral circulation thus offered a resistanee against 


tients with hypertension as that present in normal individuals. 

C. The Cardiac Work in Arterial Hypertension. As has been recog- 
nized** the eardiae energy required for maintenance of the velocity of 
blood flow at rest is slight (about 0.3 per cent of the total energy), as 
compared with the cardiae energy essential to overcome the peripheral 
resistance of the vessels. The velocity faetor in the eardiae work, 
W.V? 
2G 
velocity at the root of the aorta; and G, acceleration due to gravity), 


- (W representing the weight of the volume ejected; V, the mean 


is negligible and the work of the heart, therefore, can be approximately 
estimated by the formula K.V.R in which V is the volume output of 
the heart; R, the mean peripheral or pulmonary arterial resistanee in 
meters of blood, depending on whether the work of the left or the 
right side of the heart is caleulated; and K, the specifie gravity of 
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mereury. According to Frank® this method of caleulation may in- 
volve an error of about 10 per cent. In view of the fact, however, that 
a more exact determination of the cardiac work in man is not avail- 
able, this objection is only of theoretical significance. Therefore, as- 
suming that the mean aortie pressure is 10 mm. higher than the 
brachial arterial pressure, the average work of the left side of the 
heart of the normal subjects studied is 8.38 Kg. m. per minute or 127 
oem. m. per stroke. The work of the right side is about one-third of 
that of the left side. Inasmuch as skeletal muscle and the mam- 
malian heart utilize only 20 to 25 per cent of the total energy for 
effective work*?® one may assume that the calories used by the heart 
of normal individuals must be about 4.5 times greater than the calories 
transposed into work; that is, the calorie consumption of the left side 
of the heart is 128 calories or 7.6 per cent of the calorie need for the 
total body metabolism. 

Assuming that the relative fall of pressure from the aorta to the 
brachial artery in hypertension without marked arteriosclerosis is not 


greater than in the normal state,—an assumption justified from our pre- 


vious observation’ that the fall in pressure from the brachial artery to 
the arterioles of the skin is the same in hypertension as in normal con- 
ditions—it would follow that the work of the left side of the heart in the 
average hypertensive patient is 13.3 Kg. m. per minute, or 184 gm. m. 
per beat, and 798 Kg. m. per hour. This corresponds to about 45 ealo- 
ries per day ; and if the normal and hypertensive patient’s heart works 
with the same efficiency, it would follow that the caloric consumption 
of the left side of the heart in hypertension is about 202 calories or 
10.7 per cent of the total metabolism. 

The pressure in the pulmonary artery in patients with hypertension 
and normal eardiae function is not known. Certain morphological evi- 
dence, namely, the absence of arteriosclerosis in the pulmonary eir- 
cuit?’ and the frequent lack of muscular hypertrophy of the right ven- 
tricle,** suggests that the pressure in the lesser circulation is essentially 
normal. Accordingly, the work of the right side of the heart in hyper- 
tension is not increased to any degree. The average work of the heart 
in arterial hypertension is therefore about 41 per cent higher than in 
normal individuals, although the peripheral resistance of the greater 
circuit is increased over 100 per cent. Whether or not the calorie re- 
quirement of the eardiae work is proportional to this increase in work 
depends on the comparative efficiency of the musculature of normal 
subjects and patients with arterial hypertension. The available evi- 
dence suggests that the economy of the work of the mammalian heart 
is below normal in the presence of acutely induced arterial hyper- 
tension.*® In patients with hypertension the economy of the cardiac 
work cannot be studied at present. 


_ 
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D. The Basal Metabolism and the Rate of Blood Flow in Arterial 
Hypertension. The eause of the high basal metabolism observed in 
several of the patients is not clear. These patients showed symptoms 
of an abnormally active sympathetic nervous system: namely, shiny, 
slightly protruding eyes, wide pupils, a tendency to flush and perspire 
easily and to become disturbed or excited from trivial causes. In 
some, there was a slightly enlarged thyroid gland. In these patients 
with arterial hypertension and increased metabolism, in contrast to the 
usual hyperthyroid patients, the pulse rate, the velocity and the 
amount of blood flow were not increased in proportion to the metabo- 


lism. In eases 7, 19 and 27 the rate of blood flow was even below nor- 
mal. Inereased peripheral resistance may be responsible for the 
marked difference in the dynamies of the circulation between the pa- 
tients with hypertension and high basal metabolic rate and patients 
with hyperthyroidism, high basal metabolic rate and normal blood 
pressure. Whether the increase in the peripheral resistance can be 
considered as a regulatory mechanism to prevent increased blood flow 
and increased cardiac rate in these patients can not be stated. 

The clinical course of case 19 indicates that the metabolism may 
return to normal without change in the blood pressure. This patient 
showed a basal metabolism between 20 and 45 per cent above normal 
on repeated oceasions. Further, besides clinical manifestations of hy- 
perthyroidism, she showed a large firm thyroid gland so that a resee- 
tion of the gland was performed. Following the operation the metabo- 
lism became normal and the patient’s health improved distinctly. The 
systolic blood pressure, nevertheless, was 270 mm. He. and the dias- 
tolic pressure 140 mm. Hg., seven months after the operation. 

E. The Amount of Blood in the Lungs in the Presence of High Arte- 
rial Pressure. The lesser circulation with its abundant capillary bed 
has an important influence on the function of the left ventricle and on 
the blood flow in the greater cireulation. As stated by Starling :*° 
‘‘The distensibility of the lung eapillaries may play an important part 
in enabling the lungs to act, so to speak, as a reservoir for the left side 
of the heart.’’ Although the amount of blood in the lungs in the pres- 
ence of hypertension is not known, it has been suggested that the 
reduced blood content of the lungs may be responsible for the ele- 
vated pressure in the peripheral arteries." 

The observations of G. N. Stewart on animals*' and of Blumgart and 
Weiss** ** on man indicate that the pulmonary cireulation time is an 
index of the mean pulmonary velocity. According to the former inves- 


tigator® the quantity of blood in the lungs, Q, equals—_7—- where V is 

the volume of blood flow through the lungs per minute and T the mean 
pulmonary blood velocity in seconds. Measurements of the minute 


volume flow through the lungs and the pulmonary cireulation time in 
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the same individuals by Blumgart and Weiss indicate that the caleu- 
lated blood in the lungs was 884 ¢.c. or approximately 21 per cent of 
the total blood volume, when the average cardiae output was 7.6 liters 
and the average actual pulmonary circulation time was 8 seconds. In 
a larger series of normal subjects the actual pulmonary circulation 
time was 6.5 seconds.*? Taking the average cardiae output, 6.38 liters, 
it was estimated that the amount of blood in the lungs was 589 e¢.e. or 
11 per cent of the total blood volume. Considering that the average 
cardiac output was 6.4 liters in the control subjects, 589 ¢.c. is prob- 
ably the approximate average amount of blood in the lungs of the 
normal group studied by us. 

The average flow of blood through the lungs of patients with high 
blood pressure and normal eardiae function was 6.4 liters, the aver- 
age circulating blood volume in the patients with normal function 
was 4363 ¢.c. or 7.5 per cent of the body weight. The average pulmo- 
nary circulation time in a group of 12 hypertensive patients with nor- 
mal cireulatory function was 10 seconds.** The amount of blood caleu- 
lated according to the above formula is 1063 ¢.¢c. or about 24 per cent 
of the total blood volume. The amount of blood in the lungs of pa- 
tients with hypertension and normal funetional capacity is therefore 
greater than that of normal control individuals. These observations 
do not lend support to the hypothesis that reduced capillary bed of the 
lesser circulation is responsible for the development of high arterial 
blood pressure. Therefore, neither decreased volume of blood in the 
lungs nor altered respiration can be held responsible for the develop- 
ment of high arterial blood pressure. 

The finding of relatively high blood content of the lungs in patients 
with arterial hypertension is in harmony with observations on animals. 
FKiihner and Starling*® working with the heart-lung preparation noted 
that every elevation of the systemie pressure produced increase of 
pressure in the left auricle and in the pulmonary artery. Coetta and 
Staubli*® found that compression of the thoracic portion of the aorta 
was associated with increased blood volume and elevation of the pul- 
monary pressure. Wiggers*’ and Katz and Wiggers* in carefully con- 
trolled experiments observed normal or but slightly elevated pulmo- 
nary pressure. However, moderate increase in the blood content of 
the pulmonary vessels as present in hypertension does not necessarily 
indicate increase in pressure, and therefore the above finding does not 
give any indication as to whether or not in man the pressure in the 
lesser circulation is elevated. 


As observed in a previous study** the average vital capacity of the 
lungs in patients with hypertension was lower than the average nor- 
mal value although their capacity for work was not reduced. So the 
average vital capacity of patients with normal functional capacity was 
1900 ¢.c. per square meter of body surface instead of the normal 2500 
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¢c.c. per square meter of body surface. In view of the fact that the 
amount of blood in the lungs of patients with normal functional capae- 
ity is increased, this increased blood content of the lungs in hyperten- 
sion may be one of the factors responsible for the reduction of the vital 
capacity. 

F. The Significance of the Observations Presented on the Problem of 
the Therapy of Hypertension. According to the evidence presented, 
the most significant difference between the circulation of the patients 
and of the normal subjects is in the resistance offered by the arteriolar 
system and in the arterial and arteriolar pressure of the greater cireu- 
lation. Notwithstanding the presence of high arteriolar resistance, 
the mean velocity of the circulation and the amount of blood flowing 
through the capillary bed per unit of time, as well as the eapillary 
pressure are normal. Considering that the total circulating blood vol- 
ume and the pressure in the venous system is normal, because the blood 
volume of the lungs is inereased, the volume of the blood in the arte- 
rial and capillary system is smaller than in normal individuals, It is 
by the aid of increased pressure in the arterial system that the heart 
reinstates the normal capillary flow and pressure. This reestablish- 
ment of normal capillary cireulation is achieved with great economy 
as far as ecardiae work and peripheral cireulation are concerned. With 
the exception of the high basal metabolism occasionally observed, we 
have noted no bodily functions which may be considered, a@ priori, as 
uneconomical or superfluous. If the high basal metabolism associated 
with hypertension is due to primary hyperfunetion of the thyroid 
gland and is not secondary to the high blood pressure, then, as has 
been pointed out, the circulation functions with better economy in 
these patients than in hyperthyroid patients with normal blood pres- 
sure. 

As indicated above, there must be a definite relationship between 
pressure and volume of blood flow corresponding to a given increased 

» 
peripheral resistance. R =<. Therefore, if the peripheral resist- 
ance could be measured directly, assuming that the normal or slightly 
subnormal minute volume approximates the optimal for physiological 
needs, then one could foretell the optimal blood pressure required for 
an abnormally high resistance. If the heart can not throw out the nor- 
mal amount of blood, V becomes smaller and, correspondingly, if the 
resistance is unchanged, P will fall. Under such conditions the blood 
circulates through the vital organs in such a way that its volume flow 
and pressure are both less than the optimal, and unless the eapillary 
circulation is able to compensate for the cardiae failure, serious dis- 
turbances develop in the function of the body. The onset of cireula- 
tory disturbances occurs at different arterial pressure levels for differ- 
ent patients, depending on the degree of increase in the peripheral 
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resistance. The findings and discussion presented above offer a ra- 
tional explanation of the weakness, dizziness, choking sensation and 
other symptoms and signs of incompetent circulation felt by patients 
with the onset of a decrease from the optimal blood pressure.*® Un- 
less, therefore, the eardiae output is known, the significance of a fall 
in blood pressure following therapeutic procedures can not be judged. 
The administration of therapeutic agents in hypertension should be 
combined with quantitative measurements of the circulation of pa- 
tients before and after treatment. Only by such measurements will 
harm to the patient be averted. Without a corresponding reduction 
in the peripheral resistance, reduction of the blood pressure should not 
be an aim in the treatment of hypertension. Because the volume and 
velocity of blood flow are never above normal in hypertension, the 
therapeutic efforts should be directed either toward the maintenance 
of the optimal blood pressure and volume flow for a given abnormally 
high peripheral resistance, or toward the reduction of the blood pres- 
sure through lowering the abnormal resistanee. Therapeutie proce- 
dures that lower the blood pressure through decreased cardiae output 
are harmful. In patients in whom the resistanee can not be altered 
(fixed hypertension), and whose pressure is distinetly below optimal, 
it is in the interest of the patient to reestablish higher arterial pressure, 
through the improvement of the cardiae function. 

Thus there can be no uniform treatment for arterial hypertension. 
Progress in therapy can come only through study of the circulation of 
the individual patient. The knowledge gained in this will determine 
the proper selection of therapeutic measures, the rational application 
of which rests on logical pharmacological and therapeutic observations. 


SUMMARY AND CONCLUSIONS 


1. A study is presented of the circulatory mechanism in 30 patients 
with hypertension. 

2. Although the average resistance of the arteriolar system of the 
greater circulation was twice as great in the patients as in the normal 
control subjects, the circulating blood volume, the cardiae output per 
minute, the arm to face velocity of the blood flow, and the mean veloe- 
ity of the circulation were either normal or slightly below normal. 

3. The ealeulated volume of blood in the lungs in hypertension is 
inereased. 

4. The volume content of the arterial and capillary bed of the 
ereater circulation in hypertension is probably reduced. 


5. Although the peripheral resistance was increased to twice normal, 
the estimated work of the left ventricle of the heart in hypertension was 
only 41 per cent greater than in normal subjects. This work corresponds 
to an energy consumption of 10.7 per cent of the basal metabolism. 


a 
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6. Tissue nutrition in the presence of hypertension is accomplished 
with a distinet economy of the eardiae work and the various functions 
of the peripheral circulation. 

7. In patients with hyperthyroidism and normal blood pressure, the 
heart rate, the eardiae output and the velocity of blood flow are in- 
creased in proportion to the increased basal metabolism; in certain 
patients with essential hypertension showing clinical evidence of over- 
activity of the autonomic nervous system, the heart rate, the cardiae 
output and velocity of blood flow may be within the limits of normal 
although the basal metabolism is increased. 

8. The mechanism of circulation is similar in patients with primary 
nephritis and secondary hypertension to that in patients with primary 
hypertension. 

9. A satisfactory explanation for the dynamies of the circulation in 
the patients with hypertension studied is that due to the abnormally 
accentuated arteriolar resistance, a high arterial and arteriolar pres- 
sure is essential to reestablish the normal eapillary blood flow and 
pressure in the vital organs, 

10. The measurements and observations do not bear out the hypoth- 
esis that loss of the elasticity of the great arteries, or increased cardiac 
output, or increased circulating blood volume, or hypoventilation and 
decreased blood content of the lungs is responsible for the presence of 
hypertension. 

11. The relationship between cardiae output, arterial pressure, pe- 
ripheral resistance and capillary cireulation determines the nature of 
the therapeutic procedures applicable in hypertension. 

We take pleasure in expressing our appreciation of Miss Rose Shore's technical 


assistance in conducting this research, 
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THE DISAPPEARANCE OF INTRAVENTRICULAR HEART- 
BLOCK OCCURRING IN) UREMIA FOLLOWING THE 
INTRAVENOUS INJECTION OF HYPERTONIC 
GLUCOSE SOLUTION* 


NorMAN S. Moore, M.D., ANp HaAroup J. Stewart, M.D. 
New York, N. Y. 


HAT there are alterations in the cardiae muscle in uremia oceur- 

ring in the course of nephritis is well known. The occurrence of 
pulsus alternans during this state has been observed.'| Wood and 
White? studied the electrocardiograms of patients exhibiting symp- 
toms of uremia. They found changes in the form of the T-wave in 
Lead II, less often abnormal rhythms, and rarely an increase in the 
auriculoventricular time interval or in the duration of the QRS com- 
plexes. They coneluded that ‘‘in certain cases of uremia and severe 
nephritis with increased blood nitrogen there is a toxie effect acting in 
some respects like digitalis on the heart muscle, which may produce 
abnormal electrocardiograms.”’ 

Recently a patient under our care developed intraventricular heart- 
block while in the state of uremia. Shortly after the intravenous in- 
jection of hypertonic solution of glucose, the electrocardiogram 
changed, intraventricular heart-block disappeared. We have been un- 
able to find in the literature the record of such an occurrence. It is 
for this reason that we wish to make report of this observation. 

Although the réle of sugar in the metabolism of cardiae muscle has 
been the subject of many investigations, the effect of the injection of 
elucose in abnormal eardiae rhythms such as oceur in the elinie and 
may be recorded electrocardiographically has not been studied. That 
there is consumption of dextrose in the circulating fluid by the isolated 
and perfused mammalian heart was first shown by Johannes Miiller® ; 
the steps in the process of its utilization, however, are not at present 
definitely known. 

CASE HISTORY 

The patient, a male seventeen years old, was admitted to the hospital on Novem- 
ber 29, 1928, complaining of weakness, dyspnea and swelling of the ankles. The 
patient was examined for life insurance five months previously and was told that 
albumin and red blood eells were present in the urine. He felt well, however, and 
continued working for one month when swelling of the ankles was observed. After 
four and one-half weeks in the hospital he became free of edema. One week later 
edema of the feet recurred. One month later he entered another hospital, having 


*From the Hospital of the Rockefeller Institute for Medical Research, New York, 
¥. 


469 


470 THE AMERICAN HEART JOURNAL 


been free of symptoms although edema was still present. Here a diet high in pro- 
tein content was given for one month. While in the second hospital and three 
weeks before admission to this hospital, he was suddenly seized with a chill and 
fainted. After this experience, he suffered from frequent attacks of fainting. He 
was occasionally nauseated and was short of breath for one month before admis- 
sion to this hospital. 

The patient’s general health had always been good. He had an attack of measles 
during childhood from which he made a prompt recovery. He had suffered from 
colds and sore throats infrequently. Tonsillectomy had been performed twelve 
years before and a submucous resection of the nasal septum seven months before 
admission to hospital. There had been no cardiorespiratory, gastrointestinal or 
genitourinary symptoms until the onset of the present illness. His family history 
was unimportant. 

On physical examination, the patient was a well-developed boy of seventeen 
years. There was pallor of the skin and mucous membranes. The pupils were 
regular and equal; they reacted to light and in accommodation. The fundi were 
normal on ophthalmoscopic examination. There was no tenderness over the sinuses. 
The ears were normal. The nasal septum was deflected to the right. The teeth 
and gums were in good condition. The tonsils appeared as small nodules buried 
in sear tissue. The breath was foul. The neck was normal. The lungs were nor- 
mal to percussion and auscultation. The point of maximal impulse of the heart 
was felt in the fourth interspace, 6.5 em. from the midsternal line. The rhythm 
was regular. A _ systolic murmur was heard along the left sternal margin. A 
diastolic murmur was not heard. The radial vessels were soft. The pulses were 
equal at the two wrists. The systolic blood pressure measured 166 mm. of mer- 
cury, the diastolic 86 mm. The abdomen was negative. The deep reflexes were 
present and active. There was pitting edema of the ankles. 

On admission to hospital a twelve-hour concentrated specimen of urine contained 
60,000,000 red blood cells, 10,000,000 white blood cells and epithelial cells, and 
4,920,000 casts, 95 per cent of which were hyaline in type (Addis#), 

The count of the red cells in the blood was 3,400,000 and that of the white 
cells 23,200, 84 per cent of which were polymorphonuclear, 10 per cent lymphocytes 
and 6 per cent transitionals. The oxygen capacity of the blood was 12.5 volumes 
per cent, equivalent to 68 per cent hemoglobin. The nonprotein nitrogen of the 
blood was 43 mg. per cent and the blood urea nitrogen 29 mg. per cent. The 
plasma proteins were reduced, the albumin to 1.6 per cent and the globulin to 2 
per cent. The renal function as estimated by urea clearance was 27 per cent of 
normal (Moller, McIntosh and Van Slyke>). 

In a two-meter x-ray photograph of the chest the heart did not appear to be 
enlarged. 

The diagnosis according to the Addis classification® was hemorrhagic Bright’s 
disease—active stage. 

Course in Hospital 

During the first five months the patient was under observation, the renal fune- 
tion, blood urea nitrogen, blood pressure and hemoglobin continued at the same 
level as on admission (Fig. 1). There was, however, a slight rise in the protein 
content of the blood plasma. During the fifth month tonsillectomy and adenoid- 
ectomy were performed to eliminate foci of infection. For several days after 
operation, oozing of blood from the nasopharynx occurred. Two weeks later the 
patient became anuric for three days. Catheterization at the end of that time 
yielded only 420 ¢c.c. of urine. There were signs of uremia; vomiting started and 
became more frequent; the blood urea nitrogen rose to 114 mg. per cent (Fig. 1). 
Five days later, vomiting occurred several times each day; the patient became 
dehydrated and hypodermoclyses were given daily. On the morning of June 9, 
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1929, examination of the heart revealed the presence of gallop rhythm, best heard 
along the left border of the sternum. The rhythm was regular; a systolic murmur 
g 
previously noted was still heard; the pulse was regular but weak. An electro- 
cardiogram was taken immediately after examination. Intraventricular heart-block 
was present (Fig. 2, before injection of glucose intravenously). Since it had been 
observed on a previous occasion in another patient suffering from uremia, that 
whieh was thought clinically to be heart-block with syncope (Stokes-Adams syn- 
drome) disappeared following the administration of hypertonic solution of glucose 
intravenously, 50 ¢.c. of a 50 per cent solution of glucose were given intravenously. 
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Fig. 1.—In this figure the clinical course of the patient is shown graphically. The 
output of urine, the blood pressure, the renal function and the blood urea nitrogen 
are recorded. Cross hatching indicates per cent deviation from normal, solid black 
represents amount in cubic centimeters. The day on which intraventricular heart- 
block occurred (June 9) is indicated. 


There was an immediate change in the patient’s condition as soon as the injection 
was begun: the gallop rhythm disappeared, the radial pulse became more forceful, 
and the patient volunteered the information that he felt very much better. Within 
one half hour a second electrocardiogram was taken; intraventricular heart-block 
had ‘disappeared (Fig. 2, see description of electrocardiograms). Improvement was, 
however, temporary; the patient became drowsy and vomiting set in a few hours 
later, Gallop rhythm, however, did not recur, nor did intraventricular heart-block. 


The next day, the blood urea nitrogen was 216 mg. per cent. Hypertonic glucose 
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solution was administered daily on the next three days (Fig. 1). Temporary im- 
provement oceurred after each injection. Vomiting continued, however. A _ test 
of renal function made five days after the first injection of glucose showed that 
it was only 2 per cent of normal; blood urea nitrogen was 165 mg. per cent. Dur- 
ing the next week glucose was given on five days, followed by a period of four 
days on which none was given. On June 24, the last day the patient was given 
glucose, the blood urea nitrogen was 96 mg. per cent; there was slight rise in 
renal function (Fig. 1), and the clinical symptoms of uremia were less marked. 
The patient gradually became worse, however, and died nine days later. Before 
death occurred the blood urea nitrogen increased to 127 mg. per cent and the urea 
clearance fell to 1.7 per cent of normal. 


Electrocardiograms 


The electrocardiograms taken immediately before injection of 50 c.c. of 50 per 
cent solution of glucose showed auriculoventricular rhythm (best seen in Lead ITT, 
Fig. 2). The prolonged QRS interval (0.16 of a second) together with splitting 
of the QRS waves gave indication of marked functional or anatomical alterations 
of the heart muscle. The slightly negative phase of the T-waves in Lead I was 
followed by a positive swing of greater voltage, while the deep negative phase of 
the T-waves in Leads II and III was followed by a positive swing. In short, 
intraventricular heart-block was present, The ventricular rate was 100 per min- 
ute. One half hour after the intravenous injection of glucose the electrocardio- 
gram had changed; auriculoventricular rhythm was still present, the ventricular 
rate being 100 per minute. Intraventricular heart-block was, however, no longer 
present. The QRS time had decreased to the extent that it was now within normal 
limits. There was left axis deviation. It may be recalled that coincident with 
these changes the radial pulse improved in foree, and there was marked subjec- 
tive and objective improvement. The next day (June 10, twenty-four hours later) 
the rhythm was normal and the ventricular rate slower (70 per minute). The con- 
duction time in Lead II was 0.16 to 0.17 of a second. The T-waves in Lead IIT 
were diphasic. There was still slight splitting of the QRS complexes, the QRS 
time, however, was within normal limits. The next day the rhythm remained nor- 
mal and the P-R interval was 0.2 of a second. The only change to be observed 
in the form of the curves was that the T-waves in Lead ITI, whieh had been 
diphasic, were now upright and of greater voltage. From that time the electro- 
eardiograms remained essentially unchanged, There was no recurrence of intra- 
ventricular heart-block. 


DISCUSSION 


The cause of the changes which oceur in electrocardiograms in the 
course of uremia ean be at present only a matter of conjecture. The 
abnormalities which have been found have been attributed to nitrogen 
retention. Wood and White? found, however, that no correlation 
existed between the degree of nitrogen retention and the tendency to 
exhibit electrocardiographice changes. From observations made on the 
electrocardiograms of patients, Robinson’ has attributed transient in- 
traventricular heart-block to a state of poor nutrition of heart muscle. 
That the changes are more likely to be of a toxie nature (functional 
changes) than due to anatomical lesions is clearly demonstrated in the 
case of our patient, by the rapidity of the disappearance of the ab- 
normality. Several days before the onset of uremia there was anuria 
and associated with this a rise in blood urea nitrogen (from 35 mg. 
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per cent to a level of 216 mg. per cent). It was then, when the urea 
clearance was only 2.4 per cent of normal, that his electrocardiogram 
showed the presence of intraventricular heart-block. One-half hour 
after the injection of 50 ¢.c. of 50 per cent solution of glucose intra- 
venously intraventricular heart-block disappeared, and the patient’s gen- 
eral condition began to improve. Other observers (Budingen,* Isaaec*) 
who have used hypertonic glucose solutions intravenously in a variety of 
conditions have observed an increase in force and volume of the radial 
pulse. This effect has been attributed by them to two factors: in the 
first place, to the improved nourishment of the heart muscle; and in 
the second place, to an osmotie pressure effect due to the fact that 
hypertonic glucose solutions draw water from edematous heart muscle. 
Their argument presupposes, of course, that there is edema of heart 
muscle. 

A basis for the use of glucose solutions in states in which it is be- 
lieved the muscle is undernourished is found in a long series of experi- 
ments. It may be recalled that Johannes Miiller* first demonstrated 
that there is consumption of dextrose in the circulating fluid by the 
isolated and perfused mammalian heart; Stewart’? made a similar 
observation in regard to the artificially perfused human heart. Locke 
and Rosenheim" showed that there is a definite relation between the 
amount of sugar consumed and the length of time during which the 
heart is kept beating. In perfusing hearts of rabbits Claes’? demon- 
strated that the presence of an increased amount of glucose in the 
perfusion fluid is very favorable for the work of the heart and that the 
excitatory action of adrenalin is prolonged by it. The effect of cardiac 
rate on the utilization of sugar has also been studied. Patterson and 
Starling’ found that an acceleration of the rate due to adrenalin 
causes increase in sugar consumption. And if insulin is added to the 
blood of the heart-lung preparation, Plattner™ found that the rate of 
disappearance of blood sugar did not increase so long as the rate was 
not accelerated; if it did, the disappearance of sugar was found to 
inerease in the same ratio after the addition of insulin to the perfusion 
fluid. Hepburn and Latchford’ showed that the addition of insulin 
to the perfusion fluid accelerated the removal of dextrose therefrom 
by the isolated mammalian heart. Burn and Dale" have shown that 
the extra sugar does not disappear by combustion. 

The energy requirements of the heart for a given stroke volume in- 
crease with an increase in the diastolic volume, so that the efficiency 
decreases (Starling and Visscher™). In the heart-lung preparation 
the heart slowly and continually dilates; although, according to Star- 
ling, under physiological conditions it always works at the smallest 
possible volume and with a maximum efficiency ; this dilatation can be 
abolished by the addition of insulin (Visscher and Miiller’*). Bayliss, 
Miiller and Starling’? have shown that the heart volume ean be re- 
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duced by the addition of insulin to the perfusate, but the effect is 
transitory unless glucose is also given either before or after insulin, 
when it lasts an hour or more. Neither insulin nor sugar has any 
action on hearts already working efficiently. The volume of the heart 
is reduced by adding glucose alone as well as insulin alone, and by the 
same terms its efficiency is increased. In the absence of insulin enor- 
mous concentrations of glucose are needed in the blood in order to 
permit the heart to function properly, and subsequent addition of in- 
sulin eauses a rapid disappearance of much of this glucose. The sugar 
does not, as has already been suggested, disappear by combustion. The 
results are explained by assuming a reaction between free glucose and 
a substance which they call ‘‘stored glucose’’ or ‘‘glucose complex,”’ 
in the elaboration of which insulin plays a part. Edmunds and 
Cooper”’ have observed in dogs a rise in blood pressure following the 
intravenous injection of glucose in the circulatory failure which fol- 
lows the injection of diphtheria toxin. 

It appears then both from experiments in the laboratory and from 
observations made in the elinie that glucose has an influence upon the 
behavior of cardiac muscle. The effect may be stated in a general way 
to favor the mechanical capability of the musele. From our experi- 
ence in this case it appears that glucose has a further influence, for as 
a result of giving it the propagation of the excitatory wave through 
the ventricular muscle was improved. The muscle cells, in which be- 
fore there was a delay in the propagation of the excitatory process, 
were altered in such a fashion that the excitatory wave now passed 
through the muscle in a time which was within normal limits. 

It is not possible to state accurately by what mechanism the injee- 
tion of glucose induced the changes in the electrocardiograms which 
were observed; whether by improved nutrition of the heart muscle or 
by an osmotie pressure effect, by a combination of the two, or by some 
other factors. That there was an association between the occurrence 
of intraventricular heart-block in uremia and its disappearance in this 
patient following the injection of glucose is apparent. 


SUMMARY 


Report has been made of the disappearance of intraventricular heart- 
block oceurring in the course of uremia following the intravenous in- 
jection of hypertonie solution of glucose. 
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PAROXYSMAL TACHYCARDIA WITH MYOCARDIAL LESIONS* 
A Case Report 


RaueH H. Magsor, M.D., anp H. R. Want, M.D. 
Kansas City, Kans. 


MA’ observations have been made upon paroxysmal tachycardia 
in the past few years, but most of these studies deal largely or 
entirely with electrocardiographie aspects of this condition. The 
number of cases in which pathological studies have been reported is 
comparatively small. 

In 1926 we’ reported a case of paroxysmal tachyeardia, probably of 
ventricular origin, in which the heart showed numerous foci of myo- 
carditis, obviously the result of infection. We have recently had the 
opportunity of studying a patient suffering from paroxysmal tachy- 
eardia of auricular origin, who died during the attack and on whom 
a necropsy was obtained. The history of this patient is as follows: 


Mrs. G. N., aged thirty-four years, was admitted to the Bell Memorial Hospital 
complaining of rapid heart, nausea, and swelling of the abdomen. 

Family History: Essentially negative. 

Past History: The patient was married and had three children. There is no his- 
tory of miscarriages or difficulty in labors. The patient has had attacks of rapid 
beating of the heart, coming on suddenly and disappearing equally suddenly three 
or four time a year since she was thirteen years old. The duration of these at- 
tacks has varied from a few minutes to two days. During the past six months, 
she has had two attacks, each of which lasted only one hour. The patient has suf- 
fered for years from numerous attacks of tonsillitis and her tonsils were removed 
one year ago and found to be badly infected. 

Present Iilness: The present illness began suddenly two weeks before admis- 
sion to the hospital. This attack resembled the previous attacks the patient had 
had, but has continued much longer than any previous attack. The past few days 
the patient has been blue and very short of breath. 

On physical examination the patient had a strikingly distressed and anxious 
look, the precordium was heaving and it was obvious that the heart was beating at 
a rapid rate. The pulse was so rapid that it could not be counted at the wrist. 
The patient’s blood pressure was 90 mm. systolic and 60 mm. diastolic; respira- 
tion was rapid (40 per minute); and on auscultation there were numerous fine, 
moist rales heard throughout the chest. 

The liver was palpable 6 em. below the costal margin in the right mammillary 
line; the abdomen was distended, and there was a marked fluid wave. Both legs 
were edematous and pitted on pressure. The urine showed a trace of albumin, the 
blood examination showed: R.B.C. 4,000,000; W.B.C. 14,200; hemoglobin 70 per 
cent. The roentgenographic findings showed an increase in the size of the heart 
and evidences of chronic pulmonary tuberculosis at a hilum of the lung. The 
electrocardiograph showed the heart rate to be 240 per minute. 


*From the Departments of Internal Medicine and Pathology, The University of Kan- 
sas School of Medicine, Kansas City, Kansas. 
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The clinical picture was that of a paroxysmal tachycardia which had continued 
such a length of time as to produce a marked myocardial insufficiency. The elec- 
trocardiogram taken of this patient (Fig. 1) shows a tachycardia, probably of 
auricular origin. The patient was given strophanthin intravenously, combined with 
luminal and morphine, and she also received several doses of quinidine. Following 
the use of quinidine, there seemed to be a progressive slowing in the heart rate, and 
on December 31 the pulse rate was diminished to 180; on January 1 the pulse 


rate was down to 164; on January 3 the pulse rate was 160; on January 4 in the 
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Fig. 1.—Electrocardiogram of heart during tachycardia. 


morning, the rate was 148, falling to 100 in the afternoon. The morning of Janu- 
ary 5 the pulse rate again rose to 151 and, shortly after, the patient became very 
cyanotic and died suddenly. A few minutes before death she seemed apparently 
comfortable, smiled, talked, and expressed herself as feeling very much better. 
Autopsy: The autopsy was performed the same day. The anatomical diag- 
nosis was: acute and chronic myocarditis (focal); acute mural endocarditis with 
organizing mural thrombosis; chronic pericarditis with subepicardial hemorrhages; 
fragmentation and segmentation of the myocardium; hypertrophy and dilatation 
of the heart; infarction of the lungs; pulmonary thrombosis; general anasarca; 
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toxic nephrosis; acute and chronic pancreatitis; chronic passive congestion of the 
liver, lungs, and kidneys; fatty degeneration of the kidneys; partly healed caseous 
tubercle of the lungs; chronie adhesive pleurisy; atelectasis, chronic bronchitis, and 
chronic pneumonitis. 

The most interesting necropsy findings were in the heart. The pericardial sae 
was distended with fluid. The surfaces were smooth, moist, and glistening. The 
heart weighed 345 grams and measured 12 by 10 by 8 em. and was normal in 
shape. It was firm, reddish-brown, somewhat dilated, and the chambers were filled 
with fluid blood. The foramen ovale was closed. The pericardial surfaces were 
smooth, moist, and glistening. Thrombotic masses were adherent to the auricular 
wall, particularly on the right side, but elsewhere the mural and valvular endo- 
cardium was normal. The subepicardial fat was seanty, but in the auricles it showed 
a number of small petechial hemorrhages. The myocardium of the right ventricle 


Fig. 4.—Perivascular inflammatory reaction in myocardium. (Magnification 400.) 
varied from 4 to 7 mm. in thickness and that of the left, from 16 to 20 mm. The 
chordae tendineae and papillary muscles showed nothing abnormal. The cireum- 
ferences of the valve rings were as follows: tricuspid 13, mitral 11, pulmonary 
8.5, and aortic 6 em. The coronary arteries showed nothing abnormal. 

On microscopic examination the pericardium was thickened. It showed here and 
there foci of lymphoid cells, especially about some of the blood vessels. In some 
places there was congestion of the vessels associated with focal hemorrhages and 
lymphoid cell infiltration. The changes in the pericardium and in the musculature 
of the auricles were more striking than those in the ventricles. The endocardium 
was in places slightly thickened, and showed some infiltration of leucocytes. One 
area showed both polynuclear and mononuclear leucocytes extending throughout 
the endocardium, and adjacent to this was a typical early organizing thrombus. 
The endocardial lesions here also were limited to the auricles. The muscle fibers of the 


auricles showed marked atrophy with degeneration and some replacement by fibrous 
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tissue. In some microscopic fields there was much fragmentation and segmenta- 
tion and necrosis. The cross striations of the muscle fibers were often obscure; and 
many fibers showed marked vacuolar and granular degeneration with pyknotie, ir- 
regular, and hyperchromatic nuclei. In some foci the stroma was considerably 
increased in amount, particularly in the neighborhood of the blood vessels. Foci 
of leucocytes were fairly common, which showed large mononuclear cells, often 
with eosinophilic cytoplasm. Occasionally polynuclear leucocytes were seen, usu- 
ally in some of the congested blood vessels. Although these degenerative changes 
were also seen in the ventricle, most of the focal inflammatory changes were seen 
in the auricle. 

A section of the heart muscle stained with scharlach R showed some fat droplets 
in the muscle fibers, particularly near the nuclei. Some of these droplets were 
lipochromes. 

The degenerative and inflammatory foci were more marked and numerous in the 
auricle than in the ventricle. The inflammatory changes were not only acute but 
also chronic, there being rather extensive diffuse fibrosis particularly in the sec- 
tions of the auricle. 


This patient who suffered from paroxysmal tachyeardia showed at 
autopsy an acute and chronic myocarditis. This myocarditis was very 
obviously infectious, and the patient’s infected tonsils, which were 
removed approximately one year before the onset of this attack, may 
have been the portal of entry for the infection. 

It is interesting that this patient’s attacks at first had a very sud- 
den onset and a sudden termination, and clinically belonged definitely 
in the group described by Bouveret, who insisted upon this criterion 
for diagnosis. In this last attack, however, the tachyeardia did not 
cease suddenly, but gradually, the patient’s pulse coming down to 
normal over a period of four days. The duration of this attack was 
unusually long, the patient having had the condition two weeks before 
admission and being under observation ten days in the hospital— 
twenty-four days in all. 
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SO-CALLED INTERPOLATION OF EXTRASYSTOLES DURING 


IDIO-VENTRICULAR RHYTHM* 


CHARLES C. WourertH, M.D. 
PHILADELPHIA, PA. 


HE term interpolation in clinical electrocardiography is used to 
denote interposition in a series. An interpolated ventricular extra- 
systole is interposed between two beats of the sequence initiated from 
the pacemaker. It differs in effect from the ordinary ventricular ex- 
trasystole in that it fails to block completely, although it may delay 
the transmission of the next expected beat of the sequence. 
Interpolation occurs readily when the combination of slow heart 
rate and highly premature beats is present. These circumstances 
permit time for recovery of the junctional tissues after block of the 
retrograde impulse of the premature beat before the next expected 
impulse from the pacemaker arrives. If, however, idio-ventricular 
rhythm is present the state of affairs becomes very unfavorable for 
interpolation because of the comparative accessibility of the pace- 
maker to the influence of the excitatory wave of the premature beat. 
Nevertheless, interpolation is theoretically possible and should occur 
if the idio-ventricular pacemaker is protected from the premature beat 
and the conducting tissues between the pacemaker and the ventricles 
recover rapidly enough to transmit the next expected excitatory wave. 
Weiser’ has reported a case of transient complete heart-block due to 
digitalis, in which ventricular extrasystoles caused only very slight 
disturbance in the fundamental idio-ventricular rhythm. He inter- 
preted his curves as showing interpolation of ventricular extrasystoles 
and referred to tracings previously published by Fahrenkamp?* and 
Singer and Winterberg*® which he believed also exhibited interpolation. 
Singer and Winterberg’s tracing is susceptible of an entirely different 
interpretation which need not be considered here. A characteristic of 
Fahrenkamp’s as well as Weiser’s curves was the fact that the cycles 
containing extrasystoles were slightly longer than uninterrupted ey- 
cles. This finding is somewhat difficult to harmonize with the inter- 
pretation given, but Weiser assumed that it was due to temporary 
delay in responsiveness of ventricular muscle to excitation caused by 
incomplete recovery from the preceding extrasystole. Although 
Weiser does not so state, the delay in his case would have to occur in 
the auriculo-ventricular bundle because of similarity of ventricular 
complexes. However, if the disturbance involved the rate of trans- 


*From the Robinette Foundation, Medical Clinic, Hospital of the University of 
Pennsylvania. 
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mission rather than the rhythmie discharge, one would expect the de- 
lay in the cycle containing the extrasystole to be compensated for in 
the next succeeding cycle or cycles. This evidence would be necessary 
in Weiser’s ease to establish clearly his contention that the extrasys- 
toles are actually interpolated and not due to interference with the 
centre. Unfortunately, the tracings do not furnish this data but it is 
stated that cycles containing extrasystoles have a duration of 1.55 see- 
ond and other eycles 1.50 second. 

We have obtained tracings in one case of complete heart-block with 
ventricular extrasystoles in which the cyele containing extrasystoles 
are 0.06 to 0.07 second longer than other eyeles, (Figure 1) a time rela- 
tion practically identical with that of Weiser’s.case. In our ease the 
delay was not compensated for in the succeeding cycle. It is therefore 
necessary to conclude that the extrasystoles caused a disturbance in 
the rhythmie discharge of excitations rather than in their transmis- 
sion. 

If one speculates as to the mechanism concerned in our ease, two 
possibilities present themselves. First, the premature excitation of an 
extrasystole may reach the active idio-ventricular centre and abolish 
the impulse building there but fail to reach another centre capable of 
discharging impulses at a slightly slower rate. Thus, after an extra- 
systole, such a centre which had been protected from the premature 
disturbanee would be given an opportunity to discharge an excitation. 
In both Weiser’s and Fahrenkamp’s cases this view finds support in 
that the presence of slight changes in the QRS complexes following 
extrasystoles suggest that the excitation had spread through a slightly 
different pathway. This finding is especially noteworthy in Fahren- 
kamp’s case which showed a succession of cycles, each containing what 
Weiser interpreted as an interpolated extrasystole. Alternate differ- 
ences in QRS complexes were present as though two idio-ventricular 
centres were alternating in activity. MeMillan and I* have pointed 
out the possibility that differences in ventricular complexes may de- 
pend upon differences in the lengths of pathways to the main branches 
of the bundle. Thus a centre just above the bifurcation nearer the 
right main branch might be expected to excite responses with ventrie- 
ular complexes slightly different from those of a centre nearer the left 
main branch. 

The second possibility assumes that the regularly functioning idio- 
ventricular centre is actually protected from the premature impulse 
but that the extrasystole causes a reflex nervous disturbance which 
acts on the centre, delaying the discharge of the next expected excita- 
tion. This assumption finds support in the fact that an extrasystole 
not infrequently disturbs the next few beats of sinus rhythm; an effect 
doubtless due to reflex nervous influence. Furthermore, there is excel- 
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lent evidence that both the vagus and sympathetic nerves are some- 
times capable of exerting effects on idio-ventricular centers below the 
point of complete block.® 

Neither of the above proposed mechanisms, strictly speaking, would 
justify designating the extrasystoles as interpolated. The term should 
not be applied in the present state of our knowledge, to extrasystoles 
during idio-ventricular rhythm unless the dominant rhythm were to 
remain undisturbed or evidence could be furnished that delay in the 
beat after an extrasystole is due to prolongation of conduction time 
from the pacemaker to the ventricles. 

The clinical significance of these unusually short pauses after extra- 
systoles does not depend on whether or not the extrasystoles are inter- 
polated but on the fact that the short pauses may oceur during com- 
plete heart-block. Their presence therefore should not lead to an 
erroneous diagnosis of incomplete block. 


SUMMARY 


An electrocardiogram obtained from a patient with complete heart- 
block and what might be regarded as interpolated extrasystoles is 
presented. The mechanism and the possibility of this being true inter- 
polation are discussed. 

It is concluded that, thus far, there has been no proof of the oceur- 
rence of interpolated beats during idio-ventricular rhythm. 
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COMPLETE HEART-BLOCK ASSOCIATED WITH RAPID 
VENTRICULAR RATE. REPORT OF TWO CASES* 


Benson Btioom, M.D., AND SAMUEL PERLOW, M.D. 
Cuicago, ILL. 


OMPLETE heart-block is usually associated with ventricular 

bradycardia. We have recently observed two cases of complete 
A-V dissociation in which the ventricular rates were rapid, approxi- 
mately 90 per minute. The association of relative ventricular tachy- 
eardia with complete heart-block in eases of auricular sinus rhythm is 
rare. Lewis' makes no mention of it, although he does discuss rapid 
ventricular rates with complete block in eases of auricular fibrillation. 
In a review of the literature we have found only six cases resembling 
the two we are reporting. Luten? records four cases of complete A-V 
dissociation with ventricular rates over 90 in patients who were get- 
ting massive doses of digitalis. Carr and Reddick*® report two eases, 
one with a ventricular rate of 71 occurring during the acute stage of 
rheumatic fever in a patient who received 30 c.c. of the tincture of 
digitalis, and another with a ventricular rate of 83 in a patient who 
did not receive any digitalis. Dr. William A. Brams has been kind 
enough to show us an electrocardiographie tracing of a case similar to 
ours but whose clinical record is unknown. A number of instances are 
recorded in which the rapid ventricular rate occurring in complete 
heart-block resulted from ectopic ventricular beats or from two co- 
existing alternating foci in the ventricles, but the seven cases men- 
tioned and our two are the only ones we can find in which the hyper- 
irritability of the ventricles is manifested by the existence of a single 
ventricular focus. This focus in each of our cases appears to have 
been located in or near the A-V node. 


REPORT OF CASES 


CASE 1.—L. R., male, aged fifty-five years, was admitted to the medical service 
of Dr. Walter W. Hamburger on February 25, 1929, because of cough, expectora- 
tion, dyspnea and edema which had progressively increased over a period of four 
months. For three months he had been complaining of some left-sided chest pain. 
Some dyspnea had been present on exertion for the previous two years. The 
past history was negative except for a cystotomy three years previously for a vesical 
calculus. 

At the time of admission the patient appeared acutely ill; was orthopneic, mod- 
erately cyanotic, respirations were Cheyne-Stokes in character, and there was a 
distinct uriniferous odor to the breath. The mentality was not clear, and the 
speech was rambling in character. The heart on percussion was enlarged to the left 


*From the Medical Services of the Michael Reese Hospital, Chicago. 
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and right, the borders measuring 11 em. and 4.5 em. respectively. The rate was 
rapid. No murmurs were heard. Marked arteriosclerosis was present. Signs of 
considerable fluid in the right pleural cavity were present, and there were numerous 
coarse rales in the lower left lung. The liver was enlarged and tender, extending 
three fingerbreadths below the costal margin. Dullness in the flanks and a fluid 
wave were elicited in the abdomen. There was marked edema of the legs. The 
temperature on admission was 100° F., pulse 96, respirations 24. The white blood 
count was 10,500 with 72 per cent polymorphonuclear cells. The urine contained 
++ albumin but no cells or casts. Blood pressure was 144/90 mm. The Wassermann 
test was negative. The diagnosis on admission included arteriosclerotic heart dis- 
ease with congestive failure, arteriosclerotic nephritis and uremia. 

On February 27, the nonprotein nitrogen of the blood was 62 and ecreatinin 
1.6 mg. per 100 ¢.c. of blood. Tincture of digitalis, MN xxx 4 times daily, was ordered. 


The general condition remained about the same for three days, following which 
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Fig. 2.—Case 1. March 12, 1929. Return to sinus rhythm. P-R interval varies 
from 0.2 to 0.24 second. The prolongation of the P-R interval is probably due to re- 
sidual effects of digitalis. Evidences of generalized myocardial damage are present. 
Left axis deviation. 


there was gradual disappearance of the fluid. By March 3, the patient felt greatly 
improved. Digitalis was continued in the same dosage until March 6 when the 
patient vomited. This was the first sign of overdigitalization. Digitalis was 
stopped. The following day the electrocardiogram, which had been taken on 
March 5, was returned revealing a complete heart-block with a relatively rapid 
ventricular rate (Fig. 1). On March 12, another electrocardiogram showed that 
the A-V dissociation had disappeared but that the P-R interval was increased from 
0.2 to 0.24 second (Fig. 2). On March 28, the P-R interval had diminished to 0.16 
second. On March 18, the nonprotein nitrogen was 39 and ereatinin 1.3. Aside 
from an attack of what was thought to be a right-sided renal colic, the rest of the 
patient’s stay at the hospital was uneventful, and he was discharged March 30 
without digitalis. When last seen, April 20, 1929, he was slightly dyspneic. The 
heart rate was 96. There were no murmurs heard. The lungs were clear, the 
liver was detected one fingerbreadth below the costal margin, and there was slight 
edema of the legs. 
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CAasE 2.—Mrs. J. M., a forty-four-year-old widow, a silk worker, was admitted 
to the medical service of Dr. Sidney Strauss, Mareh 15, 1929, complaining of 
dyspnea on exertion and weakness of four years’ duration, cough, orthopnea and 
pain in the chest for two weeks. She gave a history of heart trouble for fifteen 
years, but no rheumatie attacks were known. For one day before admission she 
was taking tincture of digitalis, M xv three times daily, and for four days before 
that she was taking some brownish bitter medicine, the character of which we were 
unable to determine, in teaspoonful doses three times daily. The patient stated 
that this was given for her heart. 

Examination showed ‘an emaciated woman of about forty-five years who was 
very dyspneic and was coughing. Temperature 100° F., pulse 96 and regular, 
respirations 24, and blood pressure 150/115 mm. Rales were heard at both bases. 
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Fig. 4.—Case 2. March 26, 1929. Sinus rhythm with rate of 68. P-R interval 0.16 
second. P-wave is notched in Leads I and II and diphasic in Ill. T-wave is inverted 
in all leads and is typical of digitalis intoxication. tight axis deviation. 


Heart was enlarged, and there was a rough presystolie murmur and a soft systolic 
murmur at the apex with reduplication of the second tone throughout. There were 
no irregularities. The liver was down 8 em., and there was edema of the legs. 
The diagnosis made was rheumatic heart disease with a double mitral lesion and 
heart failure, and possible recurrent endocarditis to account for the slight fever. 
The next day she began to have pain in the left knee, and a diagnosis of arthritis 
was made. The fever continued for several days. The white blood count on ad- 
mission was 16,200. Urine showed ++ albumin. 

Blood chemistry was normal. The Wassermann test was negative. 

The patient was given tincture of digitalis, M xx three times daily. On March 17 
the patient showed frequent extrasystoles, but the pulse rate was 100. Digitalis 
was continued. On March 19, four days after admission, an electrocardiogram 


showed complete A-V dissociation with regular ventricular rate of 96 and an 
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auricular rate of 94-100 (Fig. 3). Digitalis was stopped March 23, 1929. The 
rate then was 84 and regular. The heart findings were the same, and the gen- 
eral condition was improving. On March 26, three days after stopping digitalis, 
the electrocardiogram showed sinus rhythm with a rate of 88 and a P-R interval 


of 0.16 second (Fig. 4). 
DISCUSSION 


It is well known that in eases of auricular fibrillation when complete 
heart-block supervenes (as, for example, in digitalization) bradycardia 
usually is present, but not infrequently relatively rapid ventricular 
rates may oceur. The possibility that similar ventricular tachycardia 
may occur in cases where auricular sinus rhythm exists seems to have 
received little attention. Luten believes that in his four eases digitalis 
was responsible for the changes in conduction, and in our first case we 
feel reasonably certain that the large dosage of digitalis produced the 
complete block with the hyperirritability of the ventricles. In our 
second ease, like one of those reported by Carr and Reddick, it seems 
possible that a combination of toxins—digitalis and a toxin of the 
rheumatie infection—produeed the changes. 

It is generally recognized that digitalis can produce complete heart- 
block, but the mechanism of its production is not clear. Luten? in 
studies on eats has pictured the sequence of events in digitalis poison- 
ing as follows: (a) inversion of the T-wave, (b) depression of A-V 
conduction and slowing of the heart rate, (ec) acceleration of the auri- 
cles and ventricles, (d) complete A-V dissociation with a ventricular 
rate higher than that of the auricles, (e) abnormal ventricular 
rhythms, (f) ventricular fibrillation and death. Crawford® says that 
‘‘in the advaneed stages of digitalis poisoning it is known that ven- 
tricular extrasystoles appear and that ventricular tachyeardia may 
supervene. This is due to a direct action of digitalis on the heart mus- 
cle which may eause a focus in the ventricle to give out impulses at a 
greater rate than the normal pacemaker, so that the former controls 
the ventricular rate.’’ In our two eases, two phenomena are evident— 
complete A-V dissociation resulting from depression of A-V condue- 
tion, and hyperirritability of the ventricles with the development of a 
single focus in or near the A-V node. 

We have mentioned two factors which may be responsible for the 
production of the changes in the heart activity deseribed, i.e., digitalis 
and the existence of an acute infection. Another possible factor in our 


first case was the uremia, the patient having been in partial uremia for 
several days, although at the time the electroeardiogram was taken the 
uremic manifestations had disappeared. Mohler® in a recent article 
has ealled attention to the interesting association of uremia and heart- 
block, recording a ease in which the A-V dissociation appeared during 


492 THE AMERICAN HEART JOURNAL 

uremia, disappeared with clearing of the uremia, and returned with 
the recurrence of the uremic state. In this case the ventricular rate 
was 30. 

In recording these two cases, we wish particularly to point out that 
the presence of complete heart-block may be completely masked elini- 
cally by the existence of a relative ventricular tachycardia. In neither 
case reported was bradycardia present, and the rhythm was always 
regular except in the second ease where the development of complete 
heart-block was preceded by numerous extrasystoles. There was noth- 
ing beyond the electrocardiograms to suggest heart-block. 

We wish to thank Drs. W. W. Hamburger, Sidney Strauss, and W. A. Brams 
for their kind help in the preparation of this paper. 
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STANDSTILL OF THE HEART OF VAGAL ORIGIN 


ALFRED M. Wepp, M.D. 
Cuirton Sprinas, N. Y. 
AND 
Davin C. Wiison, M.D. 
CHARLOTTESVILLE, VA. 


NSTANCES of standstill of the heart due to vagal inhibition are rare. 
The case to be reported is of interest as an example of this condition. 
Moreover, the immediate cause of the excessive vagal tone responsible 
for bradycardia and standstill in this patient is believed to be pri- 


marily psychic. 
CASE REPORT 


History.—The patient, a young man of twenty-two years, came to this clinie on 
June 16, 1928. Save for the fact that his father had died of pulmonary tuberculosis, 
the family history was negative. The boy’s mother was sure he was not a ‘‘blue 
baby.’’ During early life the child was sickly, but save for a severe attack of 
whooping cough he had no serious illness. He had frequent attacks of tonsillitis. 
As a child he was difficult. He did not do well at school and could not get along 
with the other boys. Only during the past two years had he become more sociable. 
While attending a private school at sixteen years of age he had an acute attack of 
illness which began with vomiting and diarrhea. Prior to this, he had been suffer- 
ing from constipation. He was removed to a hospital where he improved, but one 
week later he suddenly had a ‘‘stroke’’ which affected his speech and the entire 
right side of the body. After this accident he remained at home for two years and 
then returned to school for a year. When at home he did out-door work or helped 
in a wholesale grocery. His general physical development was quite remarkable. 
Before the onset of his present illness he could lift sacks of sugar weighing 140 
pounds without difficulty. Last spring the boy was advised to take up woodworking, 
and he became a earpenter’s helper. However, instead of spending his time in the 
shop learning cabinet making as he desired, he was obliged to work outside, and 
his usual task was the digging of post holes. He suffered from generalized aching 
as a result of this exertion, but no dyspnea or symptoms of cardiac embarrassment. 
He thoroughly disliked the work, and his employer complained that he did not do 
enough. Before taking this job he had worked irregularly and was in the habit 
of sleeping very late each morning. During the latter part of April he was obliged 
to give up work because of weakness, generalized abdominal pain and fatigue. 
He was kept in bed for six weeks and given only a liquid diet. Three weeks before 
coming here he began to have frequent slight syneopal attacks. He had one severe 
attack when it was said that his face became black and he could not talk. When 
first seen here he complained that his ‘‘head got hot at times’’ and ‘‘things seemed 
to fuse together.’’ Short spells of dizziness were frequent and also mild syncopal 
attacks in which ‘‘things seemed to float away.’’ At no time while under observa- 
tion did he faint or actually become unconscious. 

Examination—The boy’s general appearance was normal and his museular de- 
velopment was excellent. His usual weight was 140 pounds. There was still evidence 
of the former right hemiplegia. The right leg was dragged slightly when walking. 
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The right arm was held in an awkward position and movements were clumsy as 
though the arm were stiff, but there was no real spasticity. The reflexes on this 
side were increased, and there was a positive Babinski sign on the right foot. 
Strength was not impaired, and the right arm showed greater power than the left. 
The principal abnormal findings were in the heart. This was enlarged so that the 
left border was almost at the anterior axillary line. The total transverse diameter 
was 17.2 em. There was a systolic murmur at the apex, and a short early diastolic 
murmur was heard in the fourth left interspace near the sternum. The first sound 
was of booming quality, and the pulmonie second sound was accentuated. There 
was no thrill. The fluoroscopic examination showed considerable enlargement of 
the left auricle in both the anterior and right oblique positions. The physical and 
roentgenographie examinations were indicative of advanced mitral stenosis, although 
the possibility of congenital heart disease must be considered. The blood pressure 
was usually low. The systolic varied from 90 to 128 mm. and the diastolic from 
45 to 70 mm. The veins of the neck, head, and extremities were usually distended. 
Cyanosis was usually slight, appearing only in the finger nails. The lungs were 
norraal and the vital capacity was 4150 e.c. At no time have signs of myocardial 
insufficiency been observed. 

All of the many laboratory examinations made gave entirely normal findings. 
The blood caleium was 11.1 mg. per 100 e.e. 

The mental status of this patient was decidedly abnormal, but difficult to classify. 
According to the Binet scale his mental age was fifteen years, a figure which seemed 
rather flattering. He was unstable, lacked power of concentration and was highly 
emotional. His lack of general knowledge could be accounted for in part by his 
limited schooling. A few examples of behavior will perhaps afford better insight into 
his character. When he first came to us, he exhibited a childlike interest in electric 
locomotives and made himself a nuisance to two corporations by his demands for 
photographs and drawings. Another interest was his trumpet, and almost daily he 
went to a near-by woods where he struggled with simple tunes. He again took up 
woodworking and spent hours in the carpenter shop gluing pieces of wood together. 
On his return home a shop was fitted for him, and this proved of definite therapeutic 
value, as he displayed some aptitude for woodworking on a small seale and has 
applied himself to it for months. These instances will suffice to indicate conduct 
that is certainly abnormal for a man of twenty-three years. 


THE CARDIAC MECHANISM 


The dominant cardiae rhythm was a pure nodal rhythm with a short 
R-P interval. Cases of permanent nodal rhythm are very rare and are 
of interest from the standpoint of that mechanism. Many examina- 
tions were made during the course of a year and a true nodal rhythm 
was the only one recorded. No explanation for a permanent nodal 
rhythm ean be offered in this case, but it is reasonably certain that 
the vagus nerve was not responsible for it. When sitting quietly in 
the laboratory, the rate varied from 32 to 86 beats per minute. In a 
few records deflections were seen suggesting isolated auricular waves 
(Fig. 1, Lead III), but at no time was a ventricular response to an 
auricular impulse observed. The first electrocardiogram was taken 
on June 21. It showed a regular nodal rhythm, rate 69. To confirm 
the nodal rhythm, a record was taken the following day which is 
reproduced in Fig. 1. On June 29 many records were taken; periods 


of standstill varying from three to seven seconds occurred at frequent 
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but irregular intervals. At several examinations made during July 
such pauses of the heart were always present. Then they disappeared, 
and the electrocardiograms made from July 18 to September 28 showed 
only nodal bradyeardia with a rate varying from 32 to 54 beats per 
minute. During September the boy went home for one week. He said 
that after boarding the train the pauses in his pulse recurred and were 
frequent during his stay at home. After he returned to the clinic they 
disappeared promptly. On September 18 and on November 5, periods 
of standstill were again present. On the latter date their appearance 
followed an impulsive decision to return home immediately. 

On days that these pauses were present the boy usually complained 
of slight dizziness and blurring of vision which occurred at irregular 
intervals. The only objective sign of the pauses was alternate paling 
and flushing of the skin, especially that of the face. Certainly one 
must conclude that cerebral anemia in this patient was very well 
tolerated. He was not always conscious of periods of standstill of 
the heart; on July 12, he said he felt very well and was not having 
pauses, but when electrocardiograms were taken, there were frequent 
periods of standstill of which he was not aware. Definite precipitating 
factors could be observed for some of these periods of standstill; at 
the first examinations they were apt to be preceded by a contortive 
bending backward of the trunk, and at the same time swallowing 
movements and deep irregular breathing were observed. On Septem- 
ber 28, when electrocardiograms were being taken, if (from the gal- 
vanometer room) the boy were sharply commanded to sit still at a 
time when he was perfectly quiet and the heart was beating regularly, 
standstill of the heart invariably occurred. It had also been noticed 
that a scolding was apt to precipitate a series of pauses in the pulse. 
On those days when such pauses were present, they were by no means 
constant. They have been observed when the boy was applying to a 
nurse for some medicine for relief, and when he was seen a short time 
later on the street or in the carpenter shop, his pulse was regular, at 
a rate of 70 to 76 beats per minute. Even when standstill did not 
occur, on the taking of the pulse there was a marked fall of rate after 
the first ten seconds. On April 16, 1929, when the boy was becoming 
restless under the institutional regimen and was about to return home, 
the three variations of mechanism which he exhibited were recorded 
within less than ten minutes. It was as though constantly increasing 
vagal stimulation were being applied. The first record showed the 
usual nodal rhythm, rate 59 per minute; then periods of standstill 
were present for a few minutes, and these in turn were replaced by 
regular bradycardia, rate 36 per minute (Fig. 2). 


The rates of beating at which standstill occurred varied from 63 to 
86 per minute. In general the periods of standstill were longer with 
the slower rates of beating (58 to 70 per minute), indicating a rela- 


| 
| 


t 


STANDSTILL OF HEART 


AND WILSON : 


WEDD 


suo] 


SIPPHN 


‘SayNUILE U9} UTYFIM 


‘spuodes 


“6c61 


‘ol 


dy jo 


peor) 


| 
| | 


498 THE AMERICAN HEART JOURNAL 


tively greater sustained inerease in vagal tonus. They were never 
seen when the rate was under 45 beats per minute. Sometimes the 
period of standstill was preceded by slight slowing; more often it oe- 
eurred abruptly. Likewise, the ‘‘pick-up’’ after the pause was prompt, 
and often the rate immediately following was slightly faster than that 
preceding the standstill. Occasionally after a pause of from three to 
four seconds a single beat was followed by a second pause, so that 
there was but one beat in a period of from seven to ten seconds. Only 
once in the many electrocardiograms taken was an altered ventricular 
complex seen which suggested ventricular escape. 

Respiration.—On several occasions when periods of standstill were 
occurring, electrocardiograms and respiratory tracings were recorded 
simultaneously. No definite relation between respiratory movements 
and standstill could be ascertained. Standstill often occurred during 
quiet breathing, as well as after deep inspiration. At a time when 
periods of standstill occurred spontaneously they could be _ precipi- 
tated by having the patient hold his breath. But when there was 
present a regular bradyeardia with a rate approximately 40 per min- 
ute, suspension of respiration did not cause either the appearance of 
periods of standstill or further slowing of the rate. 

Exercise —The response to mild exercise was always normal. Periods 
of standstill disappeared for a short time at least. The electrocardio- 
grams taken on September 28 before and after exercise, which con- 
sisted of running up and down the corridor, are reproduced in Fig. 3. 
The rate before exercise was approximately 70 per minute with periods 
of standstill varying from five to six and five-tenths seconds. The rate 
of the first beats that could be recorded after exercise was 96 per 
minute; within ten seconds the rate of beating had fallen to 72 per 
minute. A few minutes later when the blood pressure was being taken, 
the pauses again appeared. On September 18, the rhythm was a nodal 
bradycardia, rate 41 per minute. After running down and up two 
flights of stairs the rate of the first reeorded beats was 73 per minute; 
this declined rapidly to 60 per minute. The only change in the electric 
complexes was a decrease in the height of the R-waves at the rapid 
rate of beating. 

Vagal Pressure.—Neither pressure in the neck over the carotid sheaths 
or pressure on the eyeballs produced any effect. The very attempt at 
such procedures resulted in a prompt fall in rate before actual pres- 
sure was applied. 

Atropine—On June 29, 9 grain of atropine sulphate was given 
subeutaneously. The maximum rise in rate oceurred after twenty 
minutes (Fig. 4). The periods of standstill disappeared ten minutes 
after the injection and did not reappear that afternoon. After the 
full atropine effect was obtained, neither deep breathing, holding a full 


inspiration nor any of the contortions which before always resulted in 
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a period of standstill, caused a change in the mechanism. On August 
4, 14) grain of atropine sulphate dissolved under the tongue produced 
no effect whatsoever. The reaction to 43 grain of atropine sulphate 
given on August 22 when nodal b “adyeardia was present is given in 
Table I. Of special interest is the definite rise in blood pressure. 


TABLE I 


REACTION TO ATROPINE 


RADIAL BLOOD ‘E.K.G. REMARKS 


TIME RATE PRESSURE RATE 
“2:15 39 Nodal rhythm. 

Slight irregularity. 

2:20 42 100-48 Pulse irregular. 

2:25 40 More regular. 

2:30 40 95-48 

2:33 Atropine sulphate 0.03 grain (subcutaneous) 

2:48 85 No change in 
R-P interval. 

2:53 86 120-70 

3:03 87 Face flushed. 

3:08 84 128-80 

3:18 86 

3:20 82 116-76 

3:33 83 

3:37 80 110-75 Dryness of throat. 


Pupils widely dilated. 


| 
| 


Epinephrin.—On August 10, nine minims of a 1-1000 epinephrin solu- 
tion were given subeutaneously. This was without any definite effect ; 
a rise in rate of six beats per minute occurred after one-half hour, but 
this may not have been due to the drug. On August 15, 1 ¢.c. of 1-1000 
epinephrin solution was given, also subeutaneously. The initial rate 
of beating was 38 per minute. Eight minutes later the rate was 44 
per minute and one extrasystole was recorded. Forty minutes after 
epinephrin the rate was 52 per minute; there was definite arrhythmia ; 
the R-R intervals varied from 0.9 to 1.3 seconds; both P- and T-waves 
were larger. The blood pressure did not change during this observa- 
tion. However, each time it was taken the boy leaned back and took 
a deep breath. It seemed that vagal tone was so great that it could 
readily offset any increase in sympathetic tone that might have been 
supplied by the epinephrin. Later, 1 ¢.ec. of 1-100,000 solution was in- 
jected intravenously without any definite effect on either blood pres- 
sure or pulse rate. 

COMMENT 


The response of the cardiac mechanism to exercise and to atropine 
is conclusive evidence that both the high grade bradycardia and the 
standstill of the heart were of vagal origin. There remains to be con- 
sidered only the question of the nature of the unusual inhibitory 
action. The boy had had a cerebral accident resulting in an hemi- 
plegia. It seemed certain that this was due to a lesion in the internal 
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capsule and that there was no involvement of bulbar nuclei. That 
there could be any relation between this old injury and the present 
vagal disturbance seems very doubtful. There was no evidence of any 
lesion along the peripheral path of the vagus, as in one of Gerhardt’s! 
cases, in which the left vagus nerve was imbedded in a tumor mass. 
Mackenzie? has reported standstill of the heart by vagal inhibition 
which resulted from digitalis medication. It is reasonably certain that 
drug was not a factor in the first periods of standstill that were ob- 
served. No digitalis was given during the following ten months, but 
periods of standstill were frequently recorded. In 1921, Wedd* re- 
ported a series of cases showing abnormal vagal tone which he thought 
had its origin in the diseased myocardium or aorta. Such a conjecture 
might be made in this case; organic disease was present, but in con- 
trast to those earlier cases, the functional capacity of the heart was 
excellent at the time of the disturbance. 

The question of an augmented vagal tone acting on a damaged con- 
duetion system may be considered. Structural changes or impaired 
nutrition in the A-V node or conducting system as a factor in the pro- 
duction of standstill of the heart seems, however, unlikely. The high- 
est rates of beating, indicating increased rate of impulse formation in 
the A-V node, were seen after exercise, and at this time periods of 
standstill disappeared. If functional impairment in the structures con- 
cerned were a factor, some form of block should have appeared when 
the rate increased. The period of increased rate of beating which oe- 
casionally followed standstill was probably due solely to a decrease 
of vagal tone and not primarily to an improved nutritional state fol- 
lowing the period of rest. 

Perhaps the explanation of the disturbed mechanism is actually 
much simpler than has been implied in the foregoing paragraphs, and 
greater emphasis should be placed on the receptor than the stimulus. 
The fact that the dominant rhythm is nodal may be of prime impor- 
tanee. Lewis* states that ‘‘the influence of both vagi over rhythms 
emanating from the A-V node is powerful’’. But it can hardly be 
doubted that the patient had markedly enhanced vagal tone, and al- 
though considerable variation in the rate of impulse formation may 
occur, cessation of activity for periods of several seconds is not one of 
the attributes of nodal rhythm. 

A search of literature has revealed very few ease histories similar 
to the one reported here. Trocmé’ has reported a patient with organic 
heart.disease and periods of standstill of vagal origin, but no evidence 
was offered that the standstill was due to psychic faetors. Laslett® 
described one instance without definite heart disease. As to the ulti- 
mate origin of the increased vagal tone he said one could express no 
decided opinion. Dejerine’ states that emotions may produce syneopal 
erises. Gerhardt cited the case of a woman with a large heart and 
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disease of the conducting system in which he believed that synecopal 
attacks resulted from vagal stimulation and that psychic influence 
was the cause. 

The ease here reported was under almost continuous observation for 
ten months. Abnormal behavior of the cardiac mechanism has been 
so definitely related to emotional states that we feel that the only ex- 
planation for the disturbanees, either the periods of standstill of the 
heart or the high grade bradyeardia, that is consistent with all the 
known facets makes their origin a psychogenetie one. Because there 
was apparently a profound disturbance associated with organic dis- 
ease, this explanation at first seems difficult to aceept, but perhaps it 
will be less so if one bears in mind that it is not the character of the 
reaction but the degree that is unusual. 


SUMMARY 


A ease is deseribed which exhibited permanent nodal rhythm, with 
periods of standstill of the whole heart and of high grade bradycardia. 
The disappearance of these unusual disturbances of rhythm following 
exercise and atropine is proof of vagal origin. From a consideration 
of the mental and emotional make-up of the patient and of the eir- 
cumstances associated with inereased vagal tone it seems certain that 


the primary factor was a psychic one. 
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ELECTROCARDIOGRAPHIC CHANGES IN QUIESCENT RHEU- 
MATIC DISEASE IN CHILDREN AND YOUNG ADULTS* 


M. J. Suaprro, M.D. 
MINNEAPOLIS, MINN. 


i RECENT years there has been a lively interest in the electrocardio- 
graphie changes noted during acute rheumatic fever.’ Several 
investigators have reported their work on this subject, and the con- 
clusions drawn are quite similar. Pathologically, it is well known that 
in a number of instances the myocardium as well as the endocardium 
is involved in the acute process during rheumatie fever, but persistent 
evidence of these changes is often missing in post-mortem studies of 
chronic rheumatic heart disease. With the aid of the electrocardio- 
gram, however, some evidence of change in the myocardium was found 
in almost every case of acute rheumatie fever during the acute stage. 
The electrocardiographie changes observed were of three main types: 

1. Prolonged duration of the P-R interval, usually not to the degree 
of causing actual heart-block. 

2. Alteration in the ventricular complex affecting either the QRS, the 
R-T, or S-T interval or the T-wave itself. 

3. Numerous irregularities in eardiae rhythm. 

Probably the most characteristic changes noted occurred in the R-T 
or S-T interval, these being of several different types. In some in- 
stances, the normal iso-electrie period between the R-T or S-T wave 
was found shortened or entirely absent. Other tracings showed the 
R-T period coming off higher or lower than the base line. Occasional 
tracings showed what appeared to be an interruption of the R-wave so 
that the R-wave did not reach the base line but was apparently merged 
over with the T-wave, this change suggesting the wave described by 
Pardee’ as a sign of blocking of the coronary artery. All these changes 
varied from time to time, and most of them disappeared, as the pa- 
tients recovered from the acute stage of the disease. There was no 
correlation found between the electrocardiographie changes and the 
clinical findings. The average percentage of changes noted in the 
tracings by the several investigators was as follows :° 


P-R in excess of 0.21 see. 21.15 per cent 
P-R in excess of 0.20 see. 87.6 per cent 
Changes in ventricular complex 63.5 per cent 


From the Lymanhurst School Heart Clinic, Department of Public Welfare, Minne- 
apolis, Minn. Preparation of the illustrative material through the courtesy of the 
Department of Medicine, University of Minnesota. 
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Changes in S-T Many to 42.4 per cent 
Some change in the tracing 70.66 per cent 
Extrasystoles 25.28 per cent 
Dropped beats 7.7 per cent 


The variations were found to be transient by most of the authors. 
Reid and Kenway found the changes transient in 15, or 57 per cent, 
of their eases. The conclusions drawn from these reports are that the 
changes found are characteristic of cardiac involvement but are not 
specifie for rheumatic fever and that it will be necessary to study the 
cases over a longer period of time before these observations can be 
used elinieally for diagnosis and prognosis. 

Thus it seemed worth while to study the electrocardiographie changes 
during quiescent rheumatic disease in children and young adults who 
had apparently recovered from the acute rheumatic process. In fol- 
lowing over a period of six years more than 300 children and young 
adults who gave a previous history of rheumatic fever or chorea or 
both, it was noted that the infectious process does not always cease 
when the patient is permitted out of bed but that definite signs of a 
low grade continuous infection are present. A large number of these 
children have almost a continuous rise of temperature to 100° F. or 
above; they have frequent attacks of ‘‘growing pains’’; they have 
oceasional attacks of a single swollen joint; leucocytosis of a low 
gerade appears from time to time; the pulse is rapid at rest, and the 
children are often anemic. Electrocardiographie tracings were taken 
on 119 children who were attending the Lymanhurst School Heart 
Clinie. The tracings were repeated from time to time, but because of 
the character of the material it was not possible to obtain repeated trac- 
ings on all of the children. Twenty per cent of these children gave a 
history of rheumatic infection during the two previous years. Sixty- 
five per cent had their acute rheumatic disease within three years from 
the date of the first tracing. Eighty-seven, or 73 per cent, of these 
children had definite rheumatic heart disease, while thirty-two, or 27 
per cent, showed no involvement of the heart as far as could be deter- 
mined by elinieal examination or x-ray. The majority had been con- 
fined to bed for varying periods of time, and in practically every case 
the diagnosis of rheumatie disease had been made by the attend- 
ing physician. The tracings were all made at the Minneapolis General 
Hospital and for the most part were read by Dr. M. H. Nathanson of 
the staff of that hospital. 

These tracings revealed the following findings: 

1. Changes in P-Wave.—In five cases, or 4 per cent, a distinet noteh- 
ing in the P-wave was found in the first or second lead or both and also 
in five tracings, or 4 per cent, the P-wave was unusually high or peaked. 
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2. Changes in P-R Interval—In ten patients, or 8 per cent, the P-R 


interval was prolonged to 0.2 see. or more, but in no instance was 
this sufficient to produce an actual heart-bloek. 

3. Changes in QRS Complex.—tIn four eases, or 3 per cent, the QRS 
period was notched at the peak in the first or second lead or both, and 
in four instances, or 3 per cent, the QRS was widened to 0.12 see. 

4. Changes in R-T or S-T Interval.—(Vigs. 1 and 2.) In fifty-three 
cases, or 45.5 per cent, the isoelectric period was entirely absent, and 
the T-wave actually came off directly from the descending limb of the 
R-wave or the S-wave. In twenty-one, or 17.5 per cent, of the cases the 
R-T or S-T interval was definitely shortened; the rise was distinetly 
abrupt; there was practically no iso-electric period. The iso-electric¢ 


period was either entirely absent or markedly changed from normal in 
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Fig. 1-B. Fig. 1-A. Fig. 2-A. Fig. 2-B. 


Fig. 1.—Absence of normal isoelectric period between the R-T or S-T interval. 


Fig. 2.—Tracings on one patient on different dates, showing variations in R-T 
or S-T interval. 


63 per cent of the cases studied. In eighteen cases, or 15 per cent, the 
T-wave came off higher than the foot points of the R-wave, while in 
twenty-three, or 19 per cent, the T-wave had its ineeption lower than 
the base line. In ten tracings, or 8 per cent, the R-wave was inter- 
rupted in its progress toward the base line, the ‘T-wave starting as a 
direct continuation of the interrupted R-wave, suggesting the change 
which frequently has been deseribed as indicative of coronary ocelu- 
sion (Fig. 3). 

5. Changes in the T-wave.—In three instances the T-wave was nega- 
tive in Leads I or IT or both. 

6. Arrhythmia.—Two instances of auricular extrasystoles and one of 
ventricular extrasystoles were noted as well as eight instances of sinus 


arrhythmia. 


SHAPIRO: ELECTROCARDIGGRAPIIIC 


In order to determine whether or not these same changes might be 


present in tracings taken from children with normal hearts who gave 
no history of rheumatie infection a single tracing was taken on each 


of 50 children, who were examined in the Minneapolis Publie Schools 
and found to have normal hearts and who gave no history of rheu- 
matic disease. In none of the electrocardiographie tracings taken in 
this control group was the P-R interval prolonged to 0.2 see., and 
there were no significant notchings or widening of the QRS complex. 


Fig. 3.—The descending limb of the R-wave does not reach the base line suggesting 
the change described as typical of coronary occlusion. 
| vad [ 
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Fig. 4.—Tracings on one patient taken on different dates, showing changes in R-T 
or S-T interval as well as decided variations in the T-waves and some change in the 
QRS complexes. 


In three instances the S-T interval was shortened more than is usually 
considered normal, but in none of this control group was there an 
entire absence of the iso-electrie period between the R or S and the 
beginning of the T-wave. There were no inversions of the T-wave in 
Leads I or II, nor were there any irregularities in eardiae rhythm 
other than eight instances of sinus arrhythmia. 

In order to determine whether or not the variations in the tracings 
found in aeute rheumatie fever might also exist in tracings taken on 
children with quiescent rheumatie disease, twenty of these children, 
who gave a definite history of rheumatic infection, had repeated trae- 
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ings taken over a period of a year. A control group of ten of the nor- 
mal children also had repeated tracings. This group is too small for 
statistical treatment; however, the differences between these two sets 
of tracings were striking. In the normal group the tracings remained 
practically unchanged, while those taken on the rheumatic group 
varied considerably from time to time. The P-wave became notched 
where before it was not notched; the S-wave became deeper in one or 
more leads; notching appeared in the QRS complex; the T-wave be- 
came diphasie, flattened or inverted where before it had been positive; 
the T-wave also in many instances came off higher or lower than pre- 
viously, and there were also other minor variations in the S-T or R-T 
interval (Fig. 4). 

It is, therefore, apparent that the variations in this quiescent rheu- 
matie group are similar to the changes found by other investigators 
studying electrocardiographie changes during acute rheumatic fever. 


Lead iif |_| |__| 


Fig. 5.—Tracing taken on March 12, 1928, when diagnosis was functional heart 
disease. This child subsequently developed a characteristic mitral stenosis. Shows 
absence of iso-electric interval between S- and T-waves especially well in Lead II. 


DISCUSSION 


The diagnosis of rheumatic carditis in the early stage is often solely 
dependent on the history of previous rheumatic infection, this being 
especially true when there is no eardiae enlargement. However, rheu- 
matic disease is of such a variable nature that it is often difficult to 
evaluate symptoms presented as indicative of rheumatic disease. It is 
frequently difficult to decide whether or not a systolic murmur heard 
at the apex of a child’s heart has any significance. The apical systolic 
murmur means more in a child than in an adult. It is not uncommon 
to follow children with such indefinite findings over a period of years 
and watch them develop into typical mitral stenosis with character- 
istic cardiac enlargement when in the beginning the murmur was con- 
sidered as nonpathological and of no importance. As an example of 
such a case, the following might be cited: 
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A mother brought her child to the clinic, complaining that the child 
was not well, was pale, and had been sent home from school repeatedly 
because of fever, this rise of temperature having been more or less per- 
sistent over a period of weeks. Examination revealed a localized sys- 
tolic murmur over the apex. The x-ray showed no enlargement of the 
heart, and we obtained no history of rheumatic disease nor even a his- 
tory of ‘‘growing pains’’ or frequent tonsillitis. At that time we con- 
sidered this ease as functional heart disease and had the child exam- 
ined earefully for a possible pyelocystitis. On re-examination a year 
and a half later we found a definite double mitral lesion with charaec- 
teristic cardiac enlargement verified by x-ray. In this type of case 
the electrocardiogram would prove of more than theoretical value. In 
this particular instance, tracings taken when the child was first ex- 
amined did show changes which were probably characteristic of rheu- 
matie infection but were not recognized at that time (Fig. 5). 

The study of tracings taken from children with quiescent rheumatic 
disease shows changes similar to those found during acute rheumatic 
fever, but the frequency of changes in the quiescent group was smaller. 
As in the active group, the changes varied from time to time. The 
most prevalent and most characteristic change noted was the absence 
of the isoelectric period between the S-T or R-T interval and the vari- 
ability of this portion of the tracing. It is desirable to correlate the 
electrocardiographie changes with clinical evidence of continued rheu- 
matie activity and to study these changes over a longer period of time. 


SUMMARY 


Electrocardiographie tracings were taken on 119 children giving 
a history of rheumatie disease who were able to attend school regu- 
larly ; tracings were also taken on 50 normal children who were used 
as controls. Many of the tracings taken from the children in the so- 
called quiescent group showed changes similar to those found in acute 
rheumatie fever, but the changes were found less frequently. Re- 
peated tracings taken from children in the quiescent group showed 
variations similar to those found in the acute group. In the control 
group the tracings did not vary. The most common and most per- 
sistent finding in this quiescent group was the lack of iso-electrie period 
between the R- or S-wave and the T-wave and the marked variability 
of the R-T or S-T interval from time to time. 
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THE DENSITY OF THE SURFACE CAPILLARY BED OF THE 
FOREARM IN HEALTH, IN ARTERIAL HYPER- 
TENSION, AND IN ARTERIOSCLEROSIS* 


Soma Weiss, M.D., R. M.D. 


Boston, MaAss. 


HE permeability and extent of the capillary bed has a fundamental 

bearing on tissue nutrition. While the permeability of the capil- 
laries has been studied extensively, little is known concerning the 
density of the capillary bed of different organs in normal persons, 
and practically no information is available on the possible variation 
in the number of eapillaries in disease. Coincident with involutionary 
changes of the body, a reduction in the reserve functional capacity of 
all organs occurs. There is also shrinkage in the volume of the tissues. 
The following factors referable to the capillary system may be re- 
sponsible for the involutionary changes in the body: A, insufficient 
blood supply to the normal eapillary bed; B, progressive disappearance 
of the capillaries with the result that cell areas of increasing radius are 
supplied by a single capillary ; C, a disturbance of normal tissue nutri- 
tion as a result of impaired eapillary permeability rather than a de- 
erease in the number of capillaries; D, inability of the nutritive sub- 
stanees to reach the cells in normal proportion as a result of increase 
in the intercellular (cement) substances between capillaries and spe- 
cific tissue cells. It is possible that various combinations of the 
enumerated factors may be active. 

The difficulty of estimating the density of the capillary bed of 
human post-mortem tissues is well recognized. This difficulty is con- 
siderable even in experimental animals in which the injection of dyes 
may be started during life.’:? Quantitative studies on the capillary 
content of tissues at different ages and under various conditions have 
not been recorded. 


PURPOSE AND PLAN OF INVESTIGATION 


The aim of the study presented here was to compare the surface capil- 
lary bed of an arbitrarily chosen skin area of the body of subjects 
without vascular disease with that of a group of patients with arterial 
hypertension and a group of patients with advanced arteriosclerosis. 
Theoretically, progressive decrease in the number of capillaries may 
be responsible for elevation of blood pressure and for involutionary 
changes in the body. The skin was chosen for study because it shows 

*From the Thorndike Memorial Laboratory, Boston City Hospital, and the Depart- 
ment of Medicine, Harvard Medical School, Boston, Massachusetts. 
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involutionary changes with advancing age, as judged from the change 
in consistency and elasticity. Skin tissue also permits observations 
on its capillaries in man under natural conditions. Wetzel and Zot- 
terman*® counted the visualized skin eapillaries of various skin areas 
of normal subjects. 

All the individuals studied were fair-skinned. Three skin areas 
over the antecubital surface of the forearm were selected arbitrarily 
for observation. The forearm was chosen because it has a delicate 
skin area which is only slightly exposed to changes in temperature, 
light and trauma, and because it is possible to immobilize it in a 
position convenient for microscopic observations. The arm was pre- 
pared by washing with soap and water and applying microscope im- 
mersion oil to the area to be studied. With the patient in a horizontal 
position, the arm was extended between two sand bags and attached 
to the long supporting arm of a heavily built iron stand under a eapil- 
lary microscope. In order to visualize all the capillaries, the skin was 
congested by applying above the elbow a maintained pressure of ap- 
proximately 100 mm. of mereury, a pressure just above the patient’s 
diastolic arterial pressure. The capillary counts were started when a 
red flush appeared on the arm, indicating that the minute vessels were 
dilated. Absence of flush indicated that the congestive pressure was 
above the level of the systolic pressure. Because the blood volume of 
the arm is above normal under this experimental condition, it may be 
assumed that all the surface eapillaries became filled with blood. This 
arrangement permits comparison of the capillary content of corre- 
sponding skin areas of different individuals under identical experi- 
mental conditions. 

The first area (Skin Area A) observed was located 7 em. below the 
epicondylar line over the lower angle of the antecubital space. The 
second area (Skin Area B) was 12 em. below the epicondylar line, or 
approximately midway between the elbow and wrist joint. The third 
area (Skin Area C) was 3 em. proximal to the lower border of the 
radius. 


The capillaries were counted through a ruled dise inserted over the 
lens of the ocular of the microscope. A calibration indicated that 1] 
sq. mm. of the dise corresponded to 2.3 sq. mm. of skin area. After a 
little experience, only occasional difficulty was encountered in dis- 
tinguishing the superficial capillaries from the subeapillary venous 
plexuses. Obviously, the microscope and forearm had to be in fixed 
position. Repeated counts over the same area showed a variation of 
less than 10 per cent as a rule. At least 5 counts were made over an 
area of 2.3 sq. mm. on each of the three skin areas. In addition to 
the capillary count, the capillaries of the nail bed were examined for 
their shape and for the nature of the blood flow. 
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To prove whether or not the presence of epidermis interferes with 
the visualization of the capillaries, small blisters were raised with 
cantharidin plasters over the upper portion of the forearm in five 
patients and the count over the blistered area was compared with that 
of the immediately adjacent area. 


OBSERVATIONS 
Table I indicates that the epidermis does not interfere with the 
counting of the capillaries. 


TABLE I 


COMPARATIVE COUNTS OF THE CAPILLARIES OF THE SKIN WITH AND WITHOUT THE 
PRESENCE OF THE EPIDERMIS 


PATIENT NORMAL SKIN AREA BLISTERED SKIN AREA 
NO. — Seana CAP. PER SQ. MM. CAP. PER SQ. MM. 
1 14 Post-rheumatie fever 30 33 
2 51 Duodenal ulcer 25 27 
3 59 Arteriosclerosis 25 26 
4 60 Arteriosclerosis 35 33 
5 60 Hypertension, arteriosclerosis 30 27 
6 75 Hypertension, arteriosclerosis 28 28 


Table II presents the capillary count over the three areas of the 
forearm of 20 control subjects with a normal cardiovascular system. 
Table III presents the counts of 20 patients with elevated arterial 
blood pressure : six of the patients suffered from essential hypertension 
without evidence of arteriosclerosis; the other 14 patients showed 
varying degrees of soft sclerosis of the peripheral arteries which prob- 
ably resulted from a persistent high blood pressure. All the patients 
of this group had enlarged hearts. Table IV includes the capillary 
counts of 20 patients with senile arteriosclerosis but without hyper- 
tension or cardiae enlargement. 

The capillary distribution in the patients with arteriosclerosis 
showed a rather marked irregularity and ‘‘moth eaten’’ appearance. 
The capillary loops of the nail bed showed irregularities, and the 
arterial portion of the loop was often narrow and hairlike in the pa- 
tients with elevated blood pressure. 


DISCUSSION 


The results of these observations indicate that the capillary count 
was distinetly higher in the distal portion of the skin areas in both the 
control subjects and in the patients. The average capillary count 
varied between 25 and 58 per sq. mm. with an average of 35 in the 
normal subjects; between 22 and 49 per sq. mm. with an average of 
35 in the group of patients with elevated blood pressure; and between 
17 and 39 per sq. mm. with an average of 30 in the senile arterio- 
sclerotic group. 
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The variations in the counts within the groups were considerable, 
but no more than in certain circulatory funetions. These variations 
are the more natural since the count of the surface capillaries is not 
necessarily an index of the number of capillaries per e.mm. of skin. 
The graphie representation of the distribution of the counts (Fig. 1) 
exhibits no definite difference between the three groups of individuals. 
The average count of the arterioselerotie group is slightly lower than 
that of the control or hypertensive group. The distribution curve of 
the capillary contents of the arterioselerotie group is shifted slightly 
to the left as shown in Fig. 1. No relationship existed, nevertheless, 
between the capillary counts and the clinical evidence of arterioselero- 
sis. Similarly, no relationship existed between the counts and the age 
of the patients. The average capillary count for subjects between 
ten and twenty-nine years of age (shown in Tables II, III, and IV) 
was 33 per sq. mm.; for subjects between thirty and forty-nine years 
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Fig. 1.—Graphic representation of the distribution of the extent of the surface 
capillary bed of the forearm in control subjects with a normal vascular system and 
in patients with arterial hypertension or with arteriosclerosis. 
of age; 36 per sq. mm.; and for subjects between fifty and eighty-two 
years of age, 33 per sq. mm. The average count found in normal sub- 
jects was 33. The value found by Wetzel and Zotterman for the fore- 
arm was 43 per sq.mm. Their counts apparently were performed over 
the lower portion of the forearm. 

The results of the study presented here indicate that reduction in 
the number of visible surface capillaries per square unit cannot be 
held responsible for the changes observed in the skin with advancing 
age and in arteriosclerosis. The radius of the cell area supplied by 
a Single surface capillary may be the same in an aged individual with 
sclerosed larger vessels and inelastic, shrunken, thin skin as that in a 
young adult with elastic, smooth, normal skin. Sinee change in the 
number of capillaries per sq. mm. must be eliminated as a factor re- 
sponsible for the involution of the skin, the responsible causes are 
probably among the other possibilities described above. The observa- 
tion that the number of capillaries per sq. mm. is essentially the same 
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in patients with severe arteriosclerosis as in healthy young subjects, 
does not rule out definitely the possibility that a progressive decrease 
in the capillaries occurs with advaneing age or with arteriosclerosis, 
[f such a state of affairs exists, however, it must follow, in view of our 
findings, that with the loss of function of the capillaries the cells sup- 
plied by these capillaries disintegrate, and hence shrinkage of tissue 
follows. Thus the number of eapillaries per sq. mm. remains essen- 
tially unaltered. Whether a reduetion of the eapilary bed and an in- 
crease of tissue radius supplied by a single capillary is not oceasion- 
ally responsible for morbid changes in tissues cannot be stated from 
the observations presented. 


CONCLUSIONS 


1. The extent of the surface eapillary bed of the skin of the fore- 
arm was essentially the same in a group of control subjects without 
vascular disease and in patients with arterial hypertension or arterio- 
sclerosis. 

2. Progressive involutionary changes of the skin cannot be explained 
on the basis of an increase in the radius of cell areas supplied by the 
surface capillaries. 
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LOCALIZED SWEATING, A SYMPATHETIC REFLEX 
PHENOMENON IN ANGINA PECTORIS 
STERLING PALMER, M.D. 


Boston, Mass. 


MONG the less usual and more interesting manifestations of 
A angina pectoris are those symptoms the underlying mechanism of 
which appears to be.a sympathetie reflex are connecting the heart and 
aorta with visceral organs or glandular tissue. The following is the 
report of such a ease. 

CASE REPORT 


A robust, somewhat florid physician of sixty-one years was seen ten days after 
having been awakened at 3 A.M. by severe precordial pain radiating into the left 
arm, lasting one hour, requiring morphine for relief. The patient had suffered 
two similar attacks six and two years previously. After the first attack the pa- 
tient remained in bed three days and returned to his practice after five days, though 
he experienced precordial pain or substernal gripping on hurrying, usually relieved 
by rest. This passed away after four months and he tolerated strenuous exercise, 
even playing tennis without discomfort. After the second attack two years before, 
the patient led a somewhat less strenuous life though continuing in active practice. 
With all three attacks he noted light-colored stools and uneasiness in the right up- 
per quadrant. 

Both parents of the patient were long lived, dying at seventy-nine and eighty- 
eight years respectively. One brother died of heart disease at sixty-two. One 
sister now has hypertension. The patient had rheumatie fever lasting one week at’ 
thirty years of age. He had influenza with pneumonia in 1918. Answers to routine 
questions as to previous symptoms were negative except for some indigestion, con- 
sisting chiefly of gas after meals. There was no history of frank gall bladder 
attacks, jaundice, or constipation. 

The physical examination was negative aside from a few rales at the bases. The 
examination of the heart was as follows: Cardiae dullness to percussion in the 
fifth space was 11 em. to the left, 2.5 em. beyond the midelavieular line. The left 
border of the heart was 7 em. to the left in the third space. The transverse supra- 
cardiae dullness was 6.5 em. There was a moderate to loud systolic murmur heard 
over the precordium, best heard at the apex. ‘The rate was 90 and a well-marked 
gallop rhythm was noted. The blood pressure was 145 mm. mereury systolic and 
110 diastolic. Alternation of the pulse was observed. 

During absolute rest in bed the patient suffered some precordial distress and some 
indigestion with gas. On one oceasion he had pain and tenderness in the right 
upper quadrant and gaseous eructations during the night. This recurred the next 
morning after taking a cup of coffee and was accompanied by pain in the left 
upper chest radiating into the arm. 

The most interesting symptom of which this patient complained occurred two 
weeks after the onset of the third attack. He awoke to find the precordium, left 
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shoulder and left arm to the elbow drenched with sweat. The body was of normal 
moisture elsewhere. There was no pain, pressure or heaviness. He noticed that 
his pulse rate was somewhat accelerated. 


Mackenzie” * noted flushing or sweating of forehead or body with 
attacks of angina. Vomiting, salivation, gaseous eructations and in- 
creased flow of urine were also observed by him. Vaquez* mentions 
fleeting vasomotor phenomena in angina pectoris, such as diffuse red- 
ness of hands and forearms accompanying or preceding the attack, 
and refers to observations by others of this flushing extending to face 
and chest. 

Misch and Lechner* have recently reported two cases showing a 
sympathetic reflex similar to that reported in the present case except 
that the area of hyperhidrosis was the left side of the face supplied by 
the upper two branches of the trigeminal nerve. One of these patients 
had luetie heart disease, aortitis, aortic regurgitation and angina pee- 
toris. The second patient was diagnosed as coronary sclerosis and 
angina pectoris. Both patients showed dilatation of the left pupil. 

These same authors refer to two other cases. One of these, similar 
to the subject of the present report, was described separately by 
Conzen’ and Bittorf.6 A woman forty-six years of age had attacks of 
angina pectoris and occasionally with these attacks flushing and sweat- 
ing of the left side of the face. The left pupil was twice as large as the 
right and was known to have been so for ten years. Gibson’s’ patient 
was a man forty-five years old who complained of constant pain in the 
left upper back and chest and in the arm with exacerbations of greater 
severity, relieved by amyl nitrite. This patient showed prominence of 
the left eye and dilatation of the left pupil, changes of which were 
more marked during attacks of pain. There was no sweating or skin 
changes except some pallor during an attack. The patient’s symptoms 
improved under potassium iodide. X-ray examination of heart and 
great vessels was negative. 

These cases clearly represent a reflex from the heart or aorta to the 
sweat glands, or ciliary muscle in those showing dilatation of the left 
pupil, conveyed by the sympathetie system and passing from the cord 
in the lower cervical and upper dorsal region,* which experimental 
and clinical research has shown is the pathway in typical anginal pain 
of the usual distribution. Head® produced a unilateral reflex hyper- 
hidrosis in certain cases of gross cord injury, the stimulus being 
somatic, such as scratching or pinching the skin. The reflex in the 
above cases is evidently initiated by a visceral stimulus, namely ane- 
mia of the myocardium or a stimulus arising from aortie disease. 

Recently the gastric and abdominal manifestations of angina pec- 
toris and the differential diagnosis between cardiac and abdominal 
disease have claimed the attention of clinicians.*” It is cer- 
tainly very likely that a similar sympathetic reflex, the end organ 
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being in the abdominal viscera, is responsible for the disordered func- 
tion giving rise to the symptoms. A very common and familiar mani- 
festation is the indigestion characterized by gas, sour eructations and 
heartburn which so often accompanies attacks of angina pectoris or 
occurs with fatigue or slight overexertion in patients subject to angi- 
nal attacks. The mechanism is probably a sympathetic reflex from 
heart or aorta causing pylorospasm. 


SUMMARY 


One case is reported and three cases are quoted from the literature 
representing an unusual sympathetic reflex phenomenon in angina 
pectoris, which consists of localized sweating. 
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LOCALIZED SWEATING REPLACING CARDIAC PAIN* 


EvetYN Hott, M.D. 
New York, N. Y. 


HE following ease is reported because it illustrates the occurrence 
of sympathetic reflex sweating in a patient with anginal pain. It 
is interesting to note that the sweating was strictly limited to the 
region where the patient had felt pain on effort for twenty-five years, 
but that the sweating occurred while the patient was at rest and not 
with the pain. 
CASE REPORT 


A.J.N., a retired clerk, aged 75 years, was admitted to the New York Hospital 
(service of Dr. L. A. Conner) on November 20 and died on December 21, 1926. He 
had rheumatic fever at 25 and at 27 years, being sick for six or eight weeks with 
each attack, and later had two milder rheumatic attacks. He never had syphilis, 
but had gonorrhea twice as a young man. At the age of 30 he was told that his 
heart was affected, but he had no symptoms and considered himself in excellent 
health until the age of 50. From then until the time of his death he suffered from 
dyspnea and anginal pain on exertion, and because of these symptoms he entered 
the New York Hospital eleven times, attended the out-patient department regularly, 
and on two occasions was admitted to Roosevelt Hospital. 

His first admission to the hospital was in November 1908, when he complained 
of precordial pain and tenderness brought on by exertion. At this time he had a 
transient auricular fibrillation and fairly well marked sclerosis of his peripheral 
arteries. The heart was somewhat enlarged and there were systolic murmurs at 
the apex and aortic area, and at times a diastolic murmur heard to the left of the 
sternum. He remained in the hospital for six weeks. His next admission was in 
December 1914, when he complained of severe precordial pain brought on by exertion 
and radiating down the left arm. Blood pressure was not elevated, arteriosclerosis 
was marked, and the auricular fibrillation had become permanent. He was re- 
admitted in 1916, 1917, 1918, 1919, 1920, 1921, 1924, and in Mareh and November 
1926, each time with the same complaints. On one admission he had a pulmonary 
embolus and on another an attack of jaundice. In November 1920 he was in the 
Neurological Institute because of a cerebral accident resulting in right hemiplegia, 
from which he made an almost complete recovery. In December 1926, while in the 
hospital, the patient had a sharp chill followed by fever and associated with transient 
hematuria. Chills and fever recurred daily; no local evidence of infection could 
be found, but a staphylococcus aureus was recovered from the blood stream; the 
patient grew progressively worse and died after two weeks. Permission for autopsy 
was not obtained. 

The physical signs changed little in the last twelve years of the patient’s life. 
The blood pressure was never elevated; the heart was somewhat enlarged, with the 
apex in the 5th space 10.5 em. to the left of the midline. The rhythm was totally 
irregular. Systolic murmurs were present at the apex and the aortic area, and at 
times a soft diastolic murmur was heard to the left of the sternum in the 2nd, 3rd 
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or 4th space. Retinal and peripheral arteries showed evidence of sclerosis. The 
Wassermann reaction was negative on repeated examinations. The electrocardio- 
gram showed auricular fibrillation with left axis deviation and no abnormality of 
the ventricular waves. The records were practically identical over a period of ten 
years, a finding which was considered unlikely in the presence of any progressive 
disease of the coronary arteries. 

On each admission to the hospital, and indeed on each visit to the clinic, the 
patient ’s complaint was the same. On exertion he became short of breath and had 
severe pain and pressure under the sternum, in the left side of the chest, radiating 
down the left arm and up into the left side of the neck. In 1914 the pain 
radiated to the jaw and left side of the face over the eye and was accompanied by 
a sense of pulsation in the left temporal region. Generalized sweating accompanied 
the more severe attacks of pain. In 1918 pain in the throat and hoarseness were 
noted with the pain. In 1921 the attacks were more frequent and were often fol- 
lowed by pain behind the left ear. Until 1926 the pain was always brought on by 
effort and relieved by rest; it started under the sternum, spread over the left side 
of the chest, radiated to the left arm and left side of the neck, and was commonly 
associated with hyperaesthesia of the skin. In March 1926 the patient stated that 
he had had several attacks of pain at night, and on admission to the hospital the 
whole precordial area was sensitive to light touch. On March 29 the following 
note was made: ‘‘Last night patient had a very profuse localized sweat limited 
to the area where anginal pain occurs,—i.e. precordium, left shoulder and left 
arm. He has had similar experience two or three times before coming to hospital. 
Sweat occurs at night and is not accompanied by pain.’’ At this time the pupils 
were equal and there was no flushing or other vasomotor disturbance. After six 
weeks of rest the patient went home and was fairly comfortable for six months, 
but in November he re-entered the hospital for the last time. On December 2 the 
following note was made: ‘‘About once in 24 hours, while sleeping and usually at 
night, patient complains of profuse sweating of the left side of chest, left arm and 
left side of neck. It corresponds to the same area where he has previously com- 
plained of anginal pain. He rarely has pain with the sweating.’’ There was no 
change in the signs at this time, but a few days later the patient developed the 
acute infection from which he died. 


COMMENT 


A ease is reported in which localized sweating occurred, apparently 
as a substitute for anginal pain. The sweating was limited to the 
region where the pain had previously been felt and was observed re- 
peatedly in the last year of the patient’s life. It was not accompanied 
by exophthalmos, dilatation of the pupil or other evidence of sympa- 
thetic involvement. Cardiac pain was present for the last twenty-five 
years of the patient’s life and was believed to be related to an old 
rheumatic valvular disease. The patient had generalized arteriosclero- 
sis but no evidence of progressive coronary disease. 
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PERMANENT BRADYCARDIA FOLLOWING DIPHTHERIA, 
CASE REPORT* 
D. Rem, M.D. 
Boston, Mass. 


HE occurrence of heart-block is well known in severe eases of diph- 

theria. The development of this arrhythmia is of serious import 
and often is followed by the death of the patient. In the experience of 
an authority’ on diphtheria, the patients who survive the onset of 
heart-block for a week have a good chance to recover, and in this type 
of case deaths never occur after two weeks. In the majority of cases, 
if the patient survive the acute attack, the heart after a few months is 
perfectly normal even to electrocardiographic examination. 

There are but few reports in the literature of the occurrence of a 
permanent arrhythmia resulting from diphtheria. There is one report 
of permanent auricular fibrillation,” following heart-block ; and two of 
complete heart-block which remained permanent in spite of the recov- 
ery of the patient from the diphtheria. The first® was a woman of 
twenty-three years in whom the diphtheria occurred nineteen years 
previously ; the second,* also a woman, aged forty-eight, had survived 
the diphtheria forty-two years. To these I wish to add the report of a 
case of permanent bradycardia. 


CASE REPORT 


An American schoolgirl, aged ten years. 

Past History.—Had measles, whooping cough and German measles. At the age 
of 4 years while living in Japan she suffered an attack of ‘‘ Japanese jaundice.’’ 
Nausea was the chief symptom, and she was able to eat little for one week. The 
jaundice persisted from two to three weeks; recovery was apparently complete. 

At the age of five years, and after her return to the United States, she contracted 
a severe attack of diphtheria, which confined her to bed for two and one-half months. 
Sixty thousand units of antitoxin were administered, the first dose being given on 
the second day of the illness. There were many complications. Her parents stated 
definitely that the rate of their daughter’s heartbeat suddenly dropped on the 
seventh day of the diphtheria and the rate has remained slow ever since. There was 
a ‘‘dragging of the legs’’ following the diphtheria and this rapidly disappeared 
during the first six weeks of her convalescence, about four months after the onset 
of the diphtheria. One year later a pediatrician in Chicago noted a slow heart rate, 
which he believed would gradually disappear, and no other abnormalities. 

She never had any form of rheumatism, or chorea, or tonsillitis save at the time 
of the diphtheria. 

Present Illness.—She appeared well and strong subsequent to recovery from the 
diphtheria. One week ago, however, after running about a half mile she collapsed 


: *From the Evans’ Memorial Hospital for Medical Research and Boston University, 
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and appeared to be unconscious for a period of about three minutes, and then rapidly 
recovered. She slept for the next hour. There were no other attacks. She was a 
very active child and played normally with other children. She was examined by 
Dr. H. C. Petterson, who noted the bradycardia and referred her for study. 
Physical Examination.—A well-developed girl. The heart appeared normal in 


size. There was a soft systolic murmur with the first sound over the midprecordia. 


uF 


Fig. 1.—Sections of Lead II taken March 9, 1929. Above: ventricular rate 48: 
definite P-waves are present and show a pregression from a position following to one 
preceding the QRS complex. Below: ventricular rate 46-50; the P-waves are less 
constant in form; they are absent after the initial three ventricular complexes; to- 
ward the end of this strip coupling occurs; the premature beats are preceded by 
inverted P-waves. 


Fig. 2.—Sections of Lead U taken July 9, 1929. Top: ventricular rate 32: there are 
traces of what may be a P-wave at a rate of about 110. Middle: -after exercise: 
ventricular rate 39; a trace of a P-wave occurs 0.12 second before each QRS complex. 
Bottom: after exercise; ventricular rate 52; coupled rhythm is present; the second 
beat of each pair is preceded by an inverted P-wave. 


The heart rate was 48, and after rising from the horizontal to the sitting position 
six times the rate was 42 per minute. There were periods when the beats occurred 
in pairs, as in coupled rhythm, and oceasionally there appeared to be a single extra- 
systole. The remainder of the cardiac and general physical examination was normal. 
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Subsequent History.—There have been no further attacks of syncope. She leads 
a normal life, but has been advised to avoid strenuous exertion such as the long run. 


Electrocardiograms. 
ination on March 9, 1929, and on July 9, 1929. At the latter date records were ob- 
tained at rest and after exercise, such as sitting up and lying down and hopping 
on one foot. 


Electrocardiograms were obtained at the time of first exam- 


Selections from the electrocardiograms are given in the accompanying illustra- 
tions. The interpretation of these electrocardiograms is not obvious. The tracing 
obtained on March 9 contains a definite P-wave which might be thought to indicate 
an impulse from the sino-auricular node, but its evident time relationship to the 
ventricular complex at such a slow rate and its position sometimes subsequent to the 
QRS make it more likely that the impulses start from the A-V node. The top 
strip of Fig. 2 depicts a rate of but 32 which is consistent with idioventricular 
rhythm; the rate is somewhat higher in the other two and it is probable that the 
impulses are initiated at a higher level, as in the A-V node. The sole strip which 
suggests complete dissociation, in ease the minute waves are considered to be 
P-waves, is the top record of Fig. 2. The almost complete disappearance of the 
P-waves in the electrocardiogram of July 9 is noteworthy. 

Study of the entire electrocardiograms obtained on these two occasions warrants 
the conclusion that there is little if any activity of the sinus node. Exercise in the 
laboratory failed to accelerate the ventricular rate above about 50 per minute; this 
result agrees with the clinical observations of the effect of exercise, of both Dr, 
Petterson and myself. 


DISCUSSION 


I have both examined and taken an electrocardiogram of the patient 
reported by Drs. White and Jones and at the time was inclined to 
doubt the explanation of the complete heart-block as due to diphtheria. 
It is well known that heart-block may be congenital or acquired and of 
unknown etiology.’ However, knowledge of the additional ease re- 
ported by Read* and observation of the case described herein makes 
me ready to accept all three as due to diphtheria. The history in this 
last patient is convincingly definite. 

The case now reported differs from the others in that there is little 
evidence of activity of the sinus node; the electrocardiograms of the 
two adult patients show typical examples of complete heart-block with 
the auricles beating at a higher rate than that of the ventricles. In 
my patient the impulses appear to emanate from varying levels of the 
A-V tissues. 

It is also noteworthy that the exercise tolerance was essentially nor- 
mal in all three patients. The attack of syneope occurring in the little 
girl after running the half mile may have been due to the Adams- 
Stokes syndrome. Such explanation appears the more probable from 
the electrocardiographic evidence of the shifting of the impulse center 
up and down the junctional tissues, which may be inferred to be dam- 
aged by the attack of diphtheria. 

It has already been stated that if the patient survives the acute at- 
tack of diphtheria, the heart eventually becomes normal both to elini- 
eal and electrocardiographie examination. That there are occasional 
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exceptions to this is suggested by the case now reported and the few 
cited from the literature. A quotation from one of the most exhaus- 
tive studies of the pathology of diphtheria offers support to this 
opinion. Referring to the heart, Councilman® eft al. state: ‘‘Aecute 
interstitial lesions of two sorts are found. In one there are focal 
collections of plasma and lymphoid cells in the tissue, which may be 
accompanied by degeneration of the myocardium, but are not depend- 
ent upon it. This condition is analogous to acute interstitial nephritis. 
In the other condition, the interstitial lesion consists of a proliferation 
of the cells of the tissue and is secondary to the degeneration of the 
muscle. It is probable that this may lead to extensive formation of 
connective tissue and some of the cases of fibrous myocarditis may be 
due to this.’’ 


SUMMARY 


The occurrence of permanent arrhythmias of the heart is rare after 
recovery from diphtheria. A case is reported of permanent brady- 
cardia appearing during the course of a severe attack of diphtheria. 
Electrocardiograms disclosed the impulse center to be the A-V node 
and junctional tissues, with a shifting of the pacemaker between these 
locations. As far as I am aware, there are reports of but two other 
cases similar to the one herein reported, and the latter stands alone in 
certain respects. 
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Selected Abstracts 


Schwartz, Sidney P., and Schwedel, John B.: Digitalis Studies on Children with 
Heart Disease. II. The Effects of Digitalis on the Sinus Rate of Children 
with Rheumatic Fever and Chronic Valvular Heart Disease. Am. J. Dis. 
Child. 39: 298, 1930. 


The purpose of this study was to determine the effects of digitalis on the 
sinus rate of children with rheumatic heart disease and signs of heart failure 
and to point out the relationship between the slowing of the sinus rate when 
present and the relief from symptoms. 

Tincture of digitalis was administered in daily doses of 3 ¢.e. to 12 such 
children until the appearance of nausea and vomiting. A progressive slowing 
of the sinus rate was noted in all 7 children who were kept in bed after they 
had received from 3 to 9 ec. of the drug during the inactive phase of the 
disease, 

Nausea and vomiting developed in all children as a very late manifestation 
of digitalis action, after the use of from 24 to 50 e¢.c. of the drug; whereas 
slowing of the sinus rate was a very early effect which appeared progressively 
from the first day. Furthermore sinus bradycardia the only type of slowing of the 
heart rate which could be considered of therapeutic value was a_ transitory 
phenomenon in all children never lasting more than four to seven days at the 
most. <A further reduction in the heart rate was due to heart block. 

The authors believe that since there is no quantitative relationship between 
sinus bradycardia and the appearance of nausea and vomiting the latter cannot 
be used as a criterion in estimating the optimal therapeutic dose of digitalis 
for children with chronic rheumatic valvular heart disease. 


Schwartz, Sidney P.: Digitalis Studies on Children with Heart Disease. III. 
Auricular Fibrillation in Children with an Early Toxic Digitalis Manifesta- 


tion. Am. J. Dis. Child. 39: 549, 1930. 


Two children are reported to whom digitalis was administered during an 
active bout of rheumatic fever because of several signs of heart failure, such 
as enlargement of the liver and swelling of the face with ascites. 

In one child, aged six and one-half years, the daily administration of 3 c.e. 
of the tincture of digitalis resulted in a progressive increase of the P-R in- 
terval with dropped beats and the development of auricular fibrillation after 
a total of 24 ¢.c. of the drug had been given within eight days. Nausea and 
vomiting did not appear until the development of the fibrillation. Death re- 
sulted seven hours after the establishment of the arrhythmia. In anether child, 
aged eight and one-half years, auricular fibrillation, with a slow ventricular 
rate and alternate premature beats of the ventricles, developed after 32 c.e. 
of the tincture had been administered within nine days. The fibrillation appeared 
before the premature ventricular beats and disappeared within six days. 

In both instances, the development of the fibrillation was considered the 
result of vagal stimulation by the drug during a period of active carditis. 

Because of the dangers involved in the administration of digitalis during 
active carditis, it is concluded that digitalis is contraindicated in such children 
with rheumatic fever and signs of cardiac insufficiency. 
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Whitten, Merritt B.: A Comparison of the Blood Supply of the Right and Left 

Ventricles in Childhood. Arch. Int. Med. 45: 46, 1930. 

By means of celluloid injection and corrosion specimens of the heart, the 
author has studied the distribution of the blood vessels to the ventricles of the 
heart in a series of specimens from children. 

It was found that at birth and during the latter part of fetal life the right 
and left ventricles are about equal in vascularity. By the end of the second 
vear the left ventricle has become definitely more vascular than the right. This 
preponderance increases until about the tenth year of life, after which no in- 
crease in the vascular preponderance of the left ventricle could be demonstrated. 
There is definite preponderance of the venous circulation in the left ventricle 
as compared with that of the right. 


Whitten, Merritt B.: The Relation of the Distribution and Structure of the 
Coronary Arteries to Myocardial Infarction. Arch. Int. Med. 45: 383, 1930. 


By means of injection and corrosion specimens of the heart, the author has 
studied the relation of the coronary vessels in thrombosis and myocardial in- 
farction. Approximately 40 hearts have been injected and studied. The deep 
branches of the arteries of the left ventricle leave at right angles and pass 
directly through the myocardium. The branches of the arteries of the right 
ventricle spread out in practically the same plane as the larger artery from 
which they arise. The fact that the injury in infarction is almost always to 
the left ventricle, whereas the right ventricle rarely is involved seems to de- 
pend on the differences in the anatomic structure of the arteries of the two 
ventricles. 

The author believes that the branches that leave the surface vessels at right 
angles to penetrate the myocardium appear to immobilize the main arteries. 
This immobilization or anchoring of the main vessels appears to augment its 
tortuosities possibly leading to kinking or constriction with consequent diminu- 
tion of its lumen at the point of narrowing. 

The author has found that besides the relative absence of anchoring by deep 
branches the right coronary artery as it swings around the right side of the 
heart, describes an almost complete semicircle. He believes that this is a pro- 
tection to this part of the right coronary artery. 

Infarction in the posterior surfaces of the left ventricle is much more common 
than has been heretofore recognized. Infarction at the apex may be due occa- 
sionally to occlusion of the right coronary artery. 

Infarction in the right ventricle was found only in connection with massive 
infarction and usually was minimal in amount. The right ventricle although it 
appears to be less vascular than the left it is not believed to be especially pre- 
disposed to failure with age. In fact, the left ventricle is found to be the one 
to fail most frequently from arterial insufficiency. 


Conner, Lewis A.: The Psychic Factor in Cardiac Disorders. J. A. M. A. 94: 
447, 1930. 


In approaching the subject of the psychic factor in cardiac disorders the 
author considers this factor first in relation to cardiae neuroses and later in con- 
nection with organic disease of the heart. He believes that the psychogenic 
stimulus arises either from an unfortunate statement of some physician or life 
insurance examiner; from the occurrence of some dramatic case of heart disease 
perhaps with sudden death, among the relatives or friends of the patient; from 
the appearance of some symptom which calls the attention of the patient to his 
heart and leads to a doubt as to its integrity; or from some profound and pro- 
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tracted emotional disturbance such as deep grief or prolonged anxiety in which, 
however, there is at first no element of doubt concerning the state of the heart. 
He believes that this group of patients represents a most important type of in- 
dividual requiring special care and handling. Such management of these pa- 
tients with cardiac neuroses belongs essentially to the realm of psychotherapy. 
The details of such treatment will, of course, vary with the character of the 
individual patient and with the predilections of the physician. 

The second group is of patients in whom the psychic factor originates in those 
with organic heart disease. The physician is called on to exercise great dis- 
crimination and judgment in differentiating between the symptoms which are 
the legitimate result of the existing organic disease and those which are merely 
the expression of the associated psychic upheavals. The physician must know 
from experience just what is to be expected in the way of symptoms from the 
type and grade of the organic lesions present. 

In discussing the treatment of these patients, the author believes that prophy- 
laxis is of very great importance. Exercise, the occasional use of drugs, the ad- 
visability of rest in bed, baths and massage are all discussed. 


Wenckebach, K. F.: The Use of Foxglove at the Bedside. Brit. M. J. No. 1, 
181, 1930. 


In this address the author discusses the use of digitalis at the bedside with- 
out instrumental observation. Briefly he states that digitalis is indicated in all 
eases of heart failure, that is, where insufficient functioning of the heart is the 
cause of the pathological condition. This holds good irrespective of the cause of 
the heart failure itself. He follows the old custom of using large, medium and 
small doses, a distinction which needs no special explanation and is easily fol- 
lowed at the bedside. The only requirement is to adopt a certain unit of activity 
which may be the basis of this dosage. The author is strongly in favor of the 
use of dried leaves of digitalis by mouth. 

As adjuvants in digitalis treatment the author discusses the use of caffeine 
and caffeine diuretics. He also believes that the new mercury preparations novas- 
urol and salyrgan at the right moment and in the proper dosage constitutes per- 
haps the greatest recent progress in the treatment of heart patients. The result- 
ing depletion of the body relieves the overfilled circulation, lessens the cireula- 
tory resistance and frees the heart and kidneys from a great part of their task 
so that it smooths the way for better action by the foxglove. 

Diet and venesection are mentioned. 

As adjuvants in regulating the heart rhythm the author discusses both strych- 
nine and quinine. He believes that a combination of strychnine and quinine is 
followed by immediate and lasting success in cases of extrasystolic irregularities 
without marked heart failure. He cites the instance of a friend with aortic in- 
competence extremely miserable during the periods of extrasystolic beats who 
was relieved by strychnine and quinine. 

In discussing prolonged digitalis administration he discusses the use of very 
small doses and larger doses. 


Josef, V. Boros: Changes in the Electrocardiogram Following Transient Changes 
in Conduction. Wien. Arch. f. innere med. 19: 339, 1929. 


This article is a report of two cases showing transient changes in the electro- 
eardiogram. The first case is a fifteen-year-old school boy who in the course of 
an acute infection showed partial heart block and Wenckebach’s periods. The 
ventricular complexes resembled those usually seen in right axis deviation; that 
is, low S waves in Lead I, and inverted T-waves in Leads II and III. The fol- 
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lowing day he had completely recovered. The A-V conduction time was now 
normal and the ventricular complexes now had diphasie T waves in Lead II, and 
positive T-waves in Lead III. Later still the ventricular complexes became 
completely normal. The author interpreted these changes as being transient dis- 
turbances of intra-ventricular conduction. 

The second case was a sixty-two-year-old man with degenerative heart disease 
and congestive heart failure. He showed two to one heart block with an auricu- 
lar rate of 160 and a typical P-wave. As he recovered, his auricular rate slowed 
down and his heart block disappeared. He now showed normal upright P-waves 
with increased conduction time (0.30 seconds). The author interprets this return 
to normal as a result of improved conduction through the auricles, while the 


auricular rate was slowed. 


Fahr, Th.: Contribution to the Question of Rheumatic Granulomatosis. Klin. 

Wehnschr. 8: 1995, 1929. 

This is a discussion based on a case description and refers to the fact that 
rheumatic nodules may be found both in the pericardium and in the tonsils, and 
in the tissues surrounding the joints. 

The author is of the opinion that these lesions are as specific as those of tuber- 
culosis or Hodgkin’s disease and therefore suggests the name Rheumatic Granu- 
lomatosis for the disease which we have hitherto known as rheumatic fever. 
He discusses the pathogenesis of the disorder and believes that the streptococcal 
element of both rheumatic fever and of scarlet fever is superimposed upon the 
original condition, the nature of which is ill understood, but which probably is 
allergic in origin. He emphasizes that rheumatic fever may be found without 
Streptococcus viridans and that the organism may be found in persons who have 
no other evidence of rheumatic infection. 


Ionescu, Von Prof., and Raileanu, C.: Experimental Investigations on the State 
of the Cardiac Muscle after Extirpation of the Stellate Ganglion. Wien. Arch. 
f. inn. med. 19: 199, 1929. 


The author removed the stellate ganglion on one or both sides of the neck of 
rabbits and dogs. The animals recovered completely from the operation and in 
their behavior showed no difference from healthy animals with whom they were 
running about. The operation produced no change in the microscopical section 
of the heart muscle. 

Thirty to 380 days after the operation, the sections showed no histological 
changes neither of inflammatory nor of degenerative nature. Nor were any histo- 
logical changes observed in the periaortic or pericardiac ganglia. 


Palmer, Robert Sterling: The Significance of Essential Hypertension in Young 
Male Adults. J. A. M. A. 94: 694, 1930. 


The author reports that in 3598 records of physical examinations done from 
the department of hygiene of Harvard University it was found that slightly 
more than 10 per cent of those examined showed systolic blood pressure about 
140 mm. of mercury and 2.25 per cent of the whole group showed systolic pres- 
sures of 150 or more without other abnormalities. The urine examination in all 
instances was negative. The systolic pressures were all more than 10 per cent 
above the level expected when height, weight and age were taken into considera- 
tion. Approximately half of these individuals showed diastolic pressures more 
than 10 per cent above the calculated normal while only one-fourth of a normal 
control group showed an elevation in the diastolic pressure. A large proportion 
of nervous and neurotic types was found among those showing systolic pressures 
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above 140 and among those showing pressures between this level. There was no 
correlation between the infectious diseases or constipation and hypertension in 
this series as compared with a normal series of equal size. 

One hundred and fifteen persons, 66 from the normal control series and 49 
from those showing hypertension were followed over an interval of ten years. 
Of the 66 normal individuals, 3 or 4.54 per cent had systolic pressures over 140 
and one had a systolic pressure of 150. Of 49 subjects who showed pressures 
over 140 at the first examination, 12.2 per cent showed systolic pressures between 
140 and 150 after ten years and 10.2 per cent showed systolic pressures of 150 
or over, the highest being 180. Thus if hypertension is found at twenty years 
of age it is somewhat more likely to be found persistent after ten years than 
it is to develop during this interval. 

Those showing hypertension at the original examination ten years or more 
earlier when followed give a history of vasomotor symptoms in one-fourth of the 
cases as compared with such a history in one-seventh followed from the nor- 
mal group. 

The incidence of cardiovascular disease in the family histories of a normal 
control and the hypertensive groups was approximately the same. 


White, Paul D., and Churchill, Edward D.: The Relief of Obstruction to the 
Circulation in a Case of Chronic Constrictive Pericarditis. New Eng. J. Med. 
202: 165, 1930. 


A review of the condition of the heart and pericardial sac in chronic adhesive 
pericarditis together with the progress of the patient leading up to the signs and 
symptoms of cardiac embarrassment is presented and discussed. Various types 
of operations that have been devised for the relief of this cardiac embarrassment 
are briefly described. 

A ease herein reported is of particular interest because of the striking benefit 
that resulted during the year following the operation of pericardial decortication. 
The operation performed was as follows: five costal cartilages from the third to 
the seventh inclusive were resected with short portions of the fourth and fifth 
ribs. Through this approach with the left pleura retracted laterally, the peri- 
cardium was exposed. It was found to be much thickened and scarred and it 
firmly enclosed the heart which was obviously unable to pulsate freely in its 
grip. A sheet of pericardium about the size of the palm of the hand was re- 
sected from the anterior aspect of the heart. At once the heart expanded 
through this gap in the rigid pericardial membrane and its pulsations obviously 
increased in extent and freedom. The left side of the sternum was cut away 
with rongeurs and the dissection of the pericardium was continued a short dis- 
tance further as far as the right auricle. Finally a constricting band with eal- 
careous nodules kinking the inferior vena cava just above the diaphragm was 
discovered and resected allowing the great vein to resume its normal calibre. At 
the end of the operation the muscle and skin flaps were brought back into posi- 
tion over the exposed heart. 

During the past year since the operation, the patient has continued her steady 
improvement so that now she lives a perfectly normal life for a girl of her age, 
nineteen years. She has been able to walk several miles a day, to dance, and 
even to run for trains without undue shortness of breath. The etiology of the 
pericarditis in this case is unknown. 


Tallerman, Kenneth H., and Jupe, Montague H.: Displacement of the Heart in 
Pneumonia in Childhood. Arch. Dis. Child. 4: 230, 1929. 


Five cases are described in which during an attack of pneumonia the heart 
deviated toward the side of the lesion subsequently returning slowly to a normal 
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position as recovery occurred. A consideration of these cases and of other simi- 
Jar cases reported in the literature points to the fact that this phenomenon is 
not infrequent in childhood and would in all probability be more often noted if 
specially looked for by physical examination and if radiograms of the chest were 
taken early. Displacement of the heart appears to be brought about by the 
traction exercised by shrinkage due to partial collapse of the affected lung, aided 
by the push of the sound lung which is frequently distended by compensatory 
emphysema. 

This cardiac displacement is not caused by a pulling over due to fibrosis, since 
it occurs in the acute stage of the disease and the heart subsequently returns to 
its normal position. Moreover, neither by physical nor by radiological examina- 
tion can evidence of fibrosis be noted. 


McLean, C. C.: Early Rheumatic Infections of Childhood. Arch. Ped. 46: 657, 
1929. 


The author reports 118 cases of early rheumatic infection seen in private prac- 
tice in Birmingham, Alabama, during the past eight years. There were 51 boys 
and 67 girls included in the study. The age of greatest frequency was from 
five to eight years. The most common symptoms presented by the patients when 
first seen were poor appetite, failure to gain weight, nervousness, fatigue, re- 
peated attacks of tonsillitis and nasopharyngeal infection, and pain in the legs, 
joints or stiffness of limbs. Forty-four children had tonsils and adenoids re- 
moved when the diagnosis of rheumatie infection was made but most of these 
eases gave a history of repeated attacks of tonsillitis and suggestive symptoms 
of a rheumatic infection before the operation. There were signs and symptoms 
of mild chorea in 42 of the children. Of the 118 cases 84, or 71 per cent, had 
soft blowing systolic murmurs. These murmurs were heard in 52.3 per cent of 
the chorea patients and in 81.5 per cent of the 76 who had no signs of chorea. 
Apparently there was little or no hypertrophy of the heart. 

Of the 118 children there were 103 underweight for their height. There were 
35 of the 118 cases who developed symptoms and physical signs of rheumatic 
infection while under observation. Many of these children were original feeding 
cases who had been under care throughout their lives. There were 92 cases in 
which the foci of infection was thought to have been located in tonsils, teeth, 
sinuses, ears, or nasopharyngeal tissue. 

The author describes in brief the management instituted in the care of each 
of these children. He stresses rest in bed and removal of foci of infection. 
Several case reports are included. 

In conelusion, he believes that every child with manifestations of an early 
rheumatic infection is a potential cardiac patient and should be managed ac- 
cordingly. 


Coates, Vincent: The Relation of Orthodox Rheumatic Infection to Multiple 
Infective Arthritis. Brit. M. J. 1: 67, 1930. 


By orthodox rheumatic infection the author means frank rheumatic fever and 
by multiple infective arthritis he means that type of subacute or chronic arthri- 
tis which is nonsuppurative and is due to an infection of a nonspecific character. 

He has studied the possible relationship between these two conditions by the 
following methods: 

1. The evidence afforded by the family history of fifty consecutive cases of 
multiple infective arthritis in regard to orthodox rheumatic infection. In 16 
instances rheumatic fever was known to have occurred in a parent, brother or 
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sister. He believes that this incidence of 32 per cent accords with the popular 
conception that ‘‘rheumatism’’ has a familial or hereditary basis. 

2. The incidence of a clear history of orthodox rheumatic infection in 300 con- 
secutive cases of multiple infective arthritis. Rheumatic fever is believed to 
have occurred in 14 instances. 

3. The occurrence in the aforesaid 300 cases of cardinal signs of orthodox 
rheumatic infection, namely, cardiac lesions and subcutaneous nodules. In the 
300 cases 4 per cent showed cardiac lesions and 6 per cent subeutaneous nodules. 


Rothman, Phillip E.: Digitalis Therapy. Its Use in Children. California & West. 
Med. 30: 150, 1929. 


The author discusses briefly and completely the indications, methods of adminis- 
tration, and signs of digitalization in children. He believes that children ap- 
parently fall into the category of individuals whose vagus centers are more easily 
stimulated than usual or whose hearts are unusually susceptible to the slowing 
action of the vagus. He believes that there is a tremendous individual variation 
in the tolerance of children that makes a detailed examination of the patient an 
absolute necessity before the administration of the next dose. 


Herrick, James B.: Atypical Features of Acute Coronary Occlusion. Ann. Int. 
Med. 3: 105, 1929. 


The picture of acute coronary occlusion must not be drawn with too fixed 
lines. Allowance must be made for many variations from the ordinary type, for 
mild and subacute cases, for cases without pain, for instances of extreme varia- 
tion in blood pressure, degree of dyspnea, temperature, pulse rate and rhythm. 
One must see as well cases with early or late embolic accidents, for recurrence 
due to proximal increase in the thrombus or to involvement of new vessels. If 
all this is done, the condition will be recognized more frequently even than now 
and probably a larger percentage of deaths from angina pectoris will be shown 
to be due to this accident in the coronary artery. 


Coombs, Carey F.: The Diagnosis and Treatment of Rheumatic Heart Disease 
in Its Early Stages. Brit. M. J. 1: 227, 1930. 


In this British Medical Association Lecture, the author discusses many of the 
features of rheumatic heart disease in children particularly in a group of 653 
children with rheumatic heart disease seen in a cardiac clinic. He believes that 
progress in the treatment of these children depends on the same principles as 
those involved in the fight against all infections, early diagnosis and persevering 
treatment. If rheumatic injury to the heart is to be recognized in an early stage, 
it can only be done by remembering that symptoms of cardiae insufficiency do 
not appear till the lesions are already established and severe. 

He believes there are four different approaches to a diagnosis of cardiac rheu- 
matism in its early stages. 

1. The easiest of these is that in which the rheumatic infection declares its 
presence within the body by provoking either arthritic pains or chorea. He be- 
lieves that pain persisting more than a day or pain which makes the child lame 
ought to be noticed, also that if the child looks ill or has a rise of temperature, 
however small, with pain a physician should be seen. He believes that every 
child who has rheumatic polyarthritis that can be recognized as such may be 
assumed to have an infected heart also even if there are neither symptoms nor 
signs of this. 
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». Rheumatic carditis is so often preceded by an attack of tonsillitis that one 
ought to consider repeated examination of the heart an essential part of the care 
of any child with inflamed tonsils. He believes that children convalescent from 
tonsillitis ought to be seen a few days after every obvious symptom has cleared up. 

3. The most important of all these methods of securing an early diagnosis of 
eardiae rheumatism is that which it is hardest to practice and easiest to forget; 
the fact that the heart may become definitely and permanently damaged by 
rheumatie infection without any other perceptible manifestation of the infee- 
tion. Of 1100 children referred to the cardiac clinic by the School Medical Serv- 
iee for an opinion on the state of the heart, 653 have been judged to be suffering 
from rheumatic heart disease. During the same period in the same city, 238 
cases of heart disease have been reported from private practice of medical men. 
It seems, therefore, as if for every case of rheumatic carditis that makes itself 
known to a medical man at the time when it is established, there are two that 
are not found until the child is examined as a part of the school routine. In 
order to recognize such cases early, the author believes that early symptoms of 
‘ 


heart disease are not cardiac but constitutional; loss of appetite, vague ‘‘seedi- 


increased pallor and above all loss of weight. 


ness, 


4. Finally there are a few children in whom the first symptoms point to heart 
disease. These children fall into two groups. First, those who are taken with 
an acute febrile illness with chest symptoms. Second, another group who are 
brought in because of breathlessness. This is a very small group, because it 
takes a severe degree of cardiac disease to make a child visibly breathless. 
Whether the carditis is acute or chronic, it must be severe if it is to produce 
symptoms of cardiac insufficiency. 

The author devotes considerable time to a discussion of cardiae arrhythmias 
and murmurs made out in these children. He discusses the mistakes that may 
be made in paying too much attention to these signs alone. 

Finally, he discusses the treatment of these children. This may be summed 
up chiefly in providing complete rest in bed at home or in convalescent institu- 
tions. He discusses briefly the use of salicylates. 


Miller, Reginald: The Diagnosis of Early Juvenile Rheumatism. Brit. M. J. 
1: 230, 1930. 


The author discusses the symptoms and signs of early juvenile rheumatism 
under four main headings. He doubts the existence of a rheumatic diathesis and 
believes that rheumatism in these children is an environmental disease. He also 
has no liking for the term ‘‘prerheumatie child.’’ He believes that a_pre- 
rheumatie child is the ordinary rheumatic child who has not yet suffered a 
knock-out attack of the infection. 

The first group of symptoms discussed are those of a constitutional nature. 
He believes that rheumatism is the result of a generalized systemic infection 
and that the child is inclined to show a general ill health. Such a child is pale, 
sallow, unhealthy in appearance, poor appetite, irritable nerves, poor sleep, occa- 
sional cough and shortness of breath. The child’s most important symptom usu- 
ally is fatigue. He discusses the similarity of these symptoms to a tuberculous 
infection. 

The second group is the most easily recognizable group of children with sore 
throats and pain in the joints. He discusses the relationship of infected tonsils 
to thése children, particularly the advisability of tonsillectomy. 

The third group shows symptoms referable to nervous instability and actual 
chorea. He is inclined to believe that a rheumatic child becomes nervous even 
though actual chorea is not present. 


f 


536 THE AMERICAN HEART JOURNAL 


The fourth group is made up of children who show signs in the heart indi- 
cating rheumatic infection. The signs most suspicious of rheumatic heart dis- 
ease are as follows: (a) increased pulse rate, (b) dilatation of the left ven- 
tricle, (c) the presence of an apical systolic murmur with enlargement of the left 
ventricle, (d) presence of a reduplicated apical second sound or of a mid-diastolie 
apical murmur. 


Wedd, A. M. and Hubbard, R. S.: Notes on Dosage and Excretion of Quinidine 
Sulphate. Clifton Med. Bull. 15: 69, 1929. 


The authors have made qualitative tests of the excretion of alkaloid in the 
urine of a number of patients suffering from paroxysmal disorders of the cardiae 
mechanism who were receiving either quinidine sulphate or quinine hydrobromide 
in small doses over a period of several weeks. The test applied was precipitation 
of quinidine sulphate and quinine hydrobromide in distilled water and in urine 
by potassium mercuric iodide solution (Mayer’s reagent). 

In the present series of patients when 0.2 gram of quinidine sulphate was 
given, the alkaloid appeared in the urine within three hours and faint traces 
were always found at the end of twelve hours. In one patient, the urine showed 
a faintly positive reaction after twenty-three hours. An interesting exception 
occurred in a man suffering from advanced renal insufficiency; the blood urea 
nitrogen was 52 grams; there was no demonstrable passive congestion or edema; 
after 0.2 gram of quinidine sulphate was given, there was none in the urine 
obtained four hours later and the night urine was only faintly positive for the 
alkaloid; the urine at 9 o’clocék the next morning was negative for alkaloid even 
in acid solution. 

When patients were given 0.6 gram of quinidine sulphate or one gram of 
quinine hydrobromide daily in three doses all specimens of urine showed the pres- 
ence of alkaloid. Certain patients suffering from paroxysmal auricular fibrilla- 
tion have been helped by such quantities of these drugs but the presence of 
alkaloid in the urine bore no relation to therapeutic effects. Quinidine excretion 
is doubtless influenced by a number of factors, individual variation, diuresis, 
renal permeability for substances other than water and muscular effort. 


Kissane, R. W.: Area of the Body Surface and Measurements of the Normal 
Heart in Children. Arch. Int. Med. 45: 241, 1930. 


In a previous report the necessity of finding a variable that has a close corre- 
lation with the size of the heart was emphasized and the area of the body sur- 
face was suggested because it includes other variables such as height, weight, 
age, sex, and diameter of the chest when persons of ideal weight are used as a 
standard. The present paper reports the determination of the size of the heart 
for an area of body surface of less than 1.5 square meters, 100 children between 
the ages of three and fourteen years with normal hearts and electrocardiograms 
being measured. 

Height and weight without clothing were obtained in each case. Roentgeno- 
grams were made at a distance of six feet and measured for the transverse 
diameter of the heart and the diameter of the chest. The cases were classified 
as to their relation to ideal weight for a given height and age, the table of 
Woodbury being used for subjects under five years of age and the table of 
Baldwin and Wood for those above this age. For the determination of the area 
of body surface, the table of Benedict and Talbot gave the best results. 

The author believes that cases of ideal weight for height should be used in 
the estimation of the measurements of normal hearts since cases of over or under 


or 
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ideal weight for height have an antagonistic influence on the close correlation of 
the area of body surface with the mean transverse diameter of the heart. 

In this series of children the mean transverse diameter of the hearts in girls 
was smaller than that in boys at any age. The area of body surface has the 
same close correlation to the size of the heart in children as in adults. 

Increase in the weight of children as a group increases the range from the 
mean transverse diameter of the heart with the area of body surface as a 


variable. 


Duke, W. W.: Heat and Effort Sensitiveness, Cold Sensitiveness. Arch. Int. Med. 
45: 207, 1930. 


In this paper the author enumerates a series of relatively common illnesses 
many of them serious which are caused rather frequently, he believes, by a dis- 
order in the heat regulating mechanism. The illnesses include heat prostration, 
symptoms of effort syndrome, noninfectious coryza, asthma, urticaria, dermatoses 
and other miscellaneous ailments to be mentioned. They are commonly diagnosed 
neurasthenia, psychasthenia, allergy, atopy, vagotonia and eczema. The patients 
are hypersusceptible to infection during their reaction to heat or cold, especially 
infection in the nasorespiratory tract and for this reason their disorders are 
often classed with the infections. 

The author discusses our present knowledge concerning the heat regulating 
mechanism of the body and the relationship of the body to outside temperature 
conditions and changes. He discusses the manifestations of typical heat and 
cold sensitiveness and the process of acclimation and declimation. He also dis- 
cusses the relationship of heat and cold sensitiveness to infection, to atopy and 
to histamine-like bodies that have been described by Lewis, Eustis and Lewis 
and Vaughn. 

The relationship that rheumatic fever has to climatic conditions and changes 
has been known for a long time. Many of the ideas discussed in this paper by 
the author might find some application to the occurrence of rheumatie fever in 
susceptible individuals. The part played by dampness, by heat and by light in 
the etiology of rheumatic fever might thus be explained. That rheumatic sub- 
jects are suspectible to heat changes and to infection is well known. The idea 
included in this paper is an important contribution to the present discussion as 
to the nature and etiology of rheumatic fever. 


Levine, Samuel A., Ernstene, A. Carlton, and Jacobson, Bernard M.: The Use of 
Epinephrine as a Diagnostic Test for Angina Pectoris. With Observations on 
the Electrocardiographic Changes Following Injections of Epinephrine into 
Normal Subjects and into Patients with Angina Pectoris. Arch. Int. Med. 45: 
191, 1930. 


Epinephrine was administered subcutaneously in doses of 1 ¢.c. to 3 groups of 
persons: To one, a group of 11 with angina pectoris, a second of 10 of the same 
average age but without angina and a third of 10 normal young adults. In all 
but one patient with angina pectoris, typical pain resulted from the injection. 
In none of the control patients did this pain oceur. Electrocardiographiec studies 
showed that following the injection of epinephrine the T-wave in the anginal 
group increased slightly in amplitude while in the other two groups it showed a 
tendency to decrease. The increase in blood pressure and pulse rate was some- 
what greater in the anginal group than in the others. 


It is suggested that the production of anginal pain by the injection of epi- 
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nephrine may serve as a diagnostic test for angina pectoris. The test would not 


be applicable when the diagnosis is certain but rather in doubtful cases or when 
there are other possible explanations for the symptoms, such as gallstones or 
disease of the stomach or the duodenum. 

Because epinephrine produces typical pain with great regularity in patients 
with angina pectoris, therapeutic use of the drug in such patients should be ear- 
ried out with great caution. 


Fullerton, Charles, and Harrop, George A., Jr.: The Cardiac Output in Hyperthy- 
roidism. Bull. Johns Hopkins Hosp. 46: 203, 1930. 


The authors have estimated the cardiac output by measuring the rate of ab- 
sorption of nitrous oxide from the alveolar air into the blood. Eight carefully 
selected patients with typical manifestations of the disease without evidence of 
organic cardiac disease or of lung disease were studied. The clinical examination 
was confirmed by electrocardiographic studies and x-ray examination of the chest. 
The technic and apparatus were those employed by Marshall and Grollman. The 
determinations were done upon the patients as soon as possible after admission 
to the hospital and then at intervals during the course of their treatment. The 
first point to be noted is that under basal conditions where quiet and relaxation 
were realized as much as possible the increased pulse pressure usually reported 
in hyperthyroidism was not found. Surprisingly little difference also was found 
in the blood pressure before and after treatment even over prolonged periods. 

Since the difference in blood pressure before and after treatment is very small, 
the difference in cardiac output should then be a direct measure of the increased 
cardiac work. They found a parallelism between the increase in the basal me- 
tabolism and the cardiac output per minute. They believe that the work of the 
heart is increased at least to this amount. The fairly close relation which exists 
between elevation of metabolism and cardiac output in hyperthyroidism strongly 
suggests that the level of the metabolism in the disease is a factor of the first 
importance in the regulation of the cardiac output per minute under basal con- 
ditions. 


Johnson, Charles C.: The Salicylates. XIX. The Question of Acidosis Following 
the Administration of Salicylates. J. A. M. A. 94: 784, 1930. 


The author has studied the effect of administration of readily absorbable 
salicylates in doses equivalent to full therapeutic doses, on the alkali reserve of 
the blood in rabbits and eats. He found that the administration of these salicy- 
lates caused a definite and general marked respiratory stimulation, though the 
hydrogen-ion concentration remained unchanged and there was no acetone demon- 
strable in the urine. These changes are best reconciled as the equivalent of a 
fixed acid acidosis, compensated by loss of carbon dioxide. Definite increases in 
blood lactate were correlated with significant decreases in alkali reserve and re- 
spiratory stimulation in four of eight cats receiving sodium salicylate in doses 
equivalent to the full therapeutic; the remaining four cats did not show evi- 
dences of acidosis, but in view of the respiratory and blood changes that oe- 
curred there was still a correlation between these functions. Various possibili- 
ties regarding the origin of the increases in the fixed acid occurring in salicyl 
medication are indicated. 

The author believes that the use of bicarbonate together with salicylates in 
full therapeutic doses in rheumatic fever and also in the treatment of salicylate 
poisoning is rational on experimental grounds at least. 


} 
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Strauss, Maurice B.: Paroxysmal Ventricular Tachycardia. Am. J. Med. Sc. 175: 

337, 1930. 

The author reports two cases of paroxysmal ventricular tachycardia and re- 
views the literature briefly relating to sixty-three cases. No common single etio- 
logical factor could be discovered but 84 per cent of the cases occurred in pa- 
tients suffering from organic heart disease and of these 60 per cent had been 
treated with digitalis prior to the onset of the tachycardia. In the absence of 
organic heart disease the prognosis of paroxysmal ventricular tachycardia is good. 

The diagnosis at the bedside can usually be made from a slight irregularity 
frequently noted on auscultation which is found in tachyeardia of ventricular 
origin not to be found in other forms. The quality of the first heart sound may 
perceptibly vary in different cycles. Vagal stimulation and ocular pressure are 
never effective in terminating a paroxysm of ventricular tachycardia. Positive 
diagnosis can only be made by the electrocardiograph. 

Quinidin offers a valuable remedy with uniform success in ending the tachy- 


cardia. 


Keefer, Chester S.: The Beriberi Heart. Arch. Int. Med. 45: 1, 1930. 


A group of 15 patients with beriberi were studied with particular reference to 
the cardiovascular system. It was clearly demonstrated that patients who de- 
veloped cardiac insufficiency are those who have the least involvement of the 
nervous system. The author believes that when the peripheral nervous system 
becomes involved so as to produce paresis that the heart muscle is protected by 
the lack of activity to a degree that cardiac insufficiency either does not develop 
or remains slight. Whereas, if the heart muscle becomes involved first then 
signs of cardiac insufficiency predominate. 

The hypotheses that have been advanced in explanation of the mechanism in 
heart failure in this disease are reviewed and the mechanism discussed. He be- 
lieves that the right heart is involved to a very great extent. This can be 
demonstrated by electrocardiographie and roentgenographic examinations. The 
process in the heart muscle consists of edema and injury to the contractile heart 
elements. The deficiency of Vitamine B probably plays an important part in 
this change. The importance of diet and exercise in the management of this 
form of heart disease is emphasized. 


Werner, Walter I: Tuberculous Pericarditis. Am. Rev. Tubere. 21: 202, 1930. 


Of 67 tuberculous patients autopsied, 4 or 5.9 per cent had tuberculous peri- 
carditis. The author reports 3 of these cases, two of which were recognized 
clinically. He points out that the symptoms of tuberculous pericarditis are very 
obscure and the diagnosis depends upon a general survey of the case with 
reference to the probability of tuberculous infection. In the acute miliary form, 
the diagnosis is generally impossible, the pericardial reaction being too slight to 
attract attention. In the subacute form it may also be overlooked. It is often 
revealed by special symptoms especially pain and x-ray examination. Occasion- 
ally the pericarditis is associated effusion. The fluid may be hemorrhagic or 
purulent. Tubercle bacilli may be recovered from this fluid. 


Wiggers, Carl J.: Studies of Ventricular Fibrillation Caused by Electric Shock. 
Am. J. Physiol. 92: 223, 1930. 


The author has studied ventricular fibrillation caused by electric shock par- 
ticularly the question of the revival of the heart from such fibrillation by suc- 
cessful use of potassium and calcium salts. He discusses fully the reported in- 


b 


540 THE AMERICAN HEART JOURNAL 


stances of recovery from fibrillation and believes that they occur under condi- 
tions unattainable in the intact heart or that the recovery resulted from the use 
of methods not applicable to the intact heart or that the condition was not 
proven ventricular fibrillation produced by electric currents. 

He points out that it is important to demonstrate that cessation of ventricular 
activity exists at the time the measures directed toward recovery are instituted. 
Under these conditions there may be some doubt that revival of the heart itself 
is possible since fibrillation lasts as a rule from fifteen to fifty minutes, the aver- 
age duration being twenty-four minutes. Under these conditions anemia of the 
brain may have existed so long as to make recovery of the whole body impossible. 

He believes that potassium-calcium perfusions may be used either by coronary 
perfusion, by direct injection into the ventricular muscle, or by injection within 
the ventricular cavity. After the cessation of fibrillation by the use of potassium 
perfusion a coordinated beat may be restored by similar perfusion of an isotonic 
solution containing an excess of calcium. 

Coronary perfusion demands the sacrifice and ligation of a carotid artery 
under aseptic conditions, a performance requiring rather elaborate perfusion ap- 
paratus and therefore is frequently not adaptable to practical needs. Further- 
more, such perfusion is apt to result in a filling up of the dead spaces of the 
circulation rather than an introduction of the fluid within the ventricular cavity. 
Injection into the ventricular cavities of the solution causes a resumption of a 
-coordinated beat provided the fluid is pumped through the coronary vessels by 
massage. Without massage it is ineffective. This is particularly true of the 
ealcium solution. No chemical substitute for massage has been found as a result 
of extensive experimentation. 

The author concludes that while the methods offer some promise of success 
when applied promptly to patients after electric shock, hope of resuscitation in 
man by methods so far devised is necessarily limited to cases in which the sur- 
gical possibilities and circumstances approximate those obtainable in laboratory 
animals. The fact that cardiac massage is required is a serious drawback to the 
practical use of the intracardiac method in the field. 


| 


Book Reviews 


TRAITE D’ELECTROCARDIOGRAPHIE CLINIQUE. By Paul Veil and Juan Codina-Altes. 
G. Doin et Cie, Paris. 


The authors of this work are pupils of Gallavardin, eminent French cardiologist, 
who has written an excellent preface emphasizing the importance of the electro- 
eardiographie method. Cluzet, Bret, and Bard, all of Lyon, have also contributed ; 
the first, a chapter on the origin of the electrical currents produced by the cardiac 
muscle; the second, a chapter on eardiae hypertrophy studied by the method of 
Miiller; and the last, a section upon the influence of the intracardiac pressure upon 
the cardiac mechanism, normal and abnormal, Rothberger of Vienna has given 
an excellent account of his ideas concerning parasystole. 

The scope of the work is similar to that of The Mechanism of the Heart Beat 
by Lewis and Unregelmiissige Herztitigkeit by Wenckebach and Winterberg. On 
the whole it is less satisfactory than either of these monographs, although it is an 
excellent discussion of the subject and presents a different viewpoint. Unfortunately 
a large proportion of the figures, of which there are a great many, are so poorly 
reproduced that they are almost, if not entirely, illegible. In a few instances the 
figures are upside down, and one or two of the legends obviously belong to some 
figure other than the one which they accompany. One or two figures taken from 
the works of others are attributed to the wrong source. 

The book contains no bibliography. In a few instances specific reference to the 
work of others is given; usually, however, only the name of the authority whose 
work or opinion is quoted is given. Consequently it is impossible to find the 
original contributions which are referred to. 

The authors attribute a much greater réle to the intrinsic cardiac nerves than do 
most cardiologists in this country. They also show a very pronounced tendency to 
divide and subdivide the disturbances of the heart beat into a great many clinical 
syndromes, not all of which are well defined. As an example we may refer to their 
discussion of paroxysmal tachycardia. They recognize three chief types: 

I. Tachycardies paroxystiques du type Bouwveret. This is the classical form of 
the disorder. The authors believe that it is not due to a succession of extrasystoles, 
and that it is in no way related to extrasystolie arrhythmia. They state that when 
extrasystoles do oceur at the beginning or end of an attack, or when they occur 
between attacks, they are never of the same form as the beats of the paroxysm 
itself, and consequently do not arise at the same point and are not generated by 
the same mechanism. They distinguish between long attacks which occur at 
relatively long intervals, and very short attacks which occur with great frequency. 
They refer to the latter condition as ‘‘Tachyeardie paroxystique & centre excitable.’’ 

II. Tachycardies paroxrystiques d’origine extrasystolique. The authors regard 
this type as entirely different from that described above. It is made up of a 
succession of extrasystoles. When the attacks are short and numerous; that is, 
when relatively few extrasystoles occur in suecession, each group of extrasystoles 
being separated from the group which precedes and that which follows it by one or 
more normal beats, the condition is referred to as ‘‘extrasystoles en salves.’’ Very 
long attacks which they regard as relatively rare are spoken of as ‘‘ extrasystoles 
massées.’? 
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III. Tachycardies anormales. This group is poorly defined; it contains those 
eases which do not seem to the authors to belong to either of the two previous 
groups. It is divided into two divisions: 

A. Non-terminal, Under this heading a number of examples of tachycardia, no 
two of which are alike, except that all are benign, are discussed. 

B. Terminal. These cases are mostly examples of ventricular tachycardia in 
which the ventricular complexes varied greatly in form. 

The same tendency to recognize a great variety of syndromes is found in the 
discussion of atrio-ventricular rhythm and of sinus arrhythmia. The authors be- 
lieve that true atrio-ventricular rhythm is usually irregular. They are particularly 
interested in those cases in which there is complete atrio-ventricular dissociation, 
but in which auricles and ventricles are contracting at the same rate, or nearly the 
same rate, the former responding to the sinus node, the latter to the A-V node. 
To this condition they give the name ‘‘ Dissociation isorhythmique,’’ of which they 
distinguish several varieties. A study of this condition as well as other observa- 
tions have led the authors to believe that the intrinsic cardiac nerves act as a 
regulatory apparatus which coérdinates the various impulse-producing centers of 
the special tissues. Some disturbances of the heart are regarded as due to dis- 
turbances of this codrdinating mechanism; others as due to its normal regulating 
function. They speak, for instance, of non-compensatory arrhythmias; benign extra- 
systoles, ordinary paroxysmal tachycardia, which are due to hyperexcitability of 
ectopie centers produced by hyperactivity of the sympathetic nerves. In this ease 
the coérdinating mechanism is disturbed. Certain extrasystoles, ventricular escape, 
certain types of nodal rhythm, certain types of bigeminy, on the other hand, are 
regarded as compensatory phenomena, due to an attempt on the part of the 
nervous regulatory mechanism to maintain a normal heart rate. To the reviewer 
these ideas seem too speculative for general acceptance in the present state of 
our knowledge. 

As regards the form of the electrocardiogram, the authors are much more con- 
servative. They do not believe that the form of the ventricular complex is of any 
value in the diagnosis of valvular lesions and regard the broad deformed auricular 
complex of mitral stenosis as the sole change in the form of the electrocardiogram 
which can be considered at all characteristic of a valvular defect. Their views of 
the T-deflection, and of curves of small amplitude do not differ materially from 
those current in America. They regard preponderance curves as the result of intra- 
ventricular conduction defects, 


THE CLINICAL ASPECTS OF VENOUS PRESSURE. By J. A. E. Eyster. New York, 
The Maemillan Company, 1929. 


In this small volume Dr. Eyster gives a résumé of the literature and of his own 
work on the subject of venous pressure. He discusses the mechanics of venous 
pressure and the relation of increased pressure to the symptoms of cardiac failure, 
the methods of determining venous pressure and the findings in normal individuals, 
in patients with cardiac decompensation and in conditions other than cardiac fail- 
ure. Because increase in venous pressure is an important factor underlying the 
symptoms of cardiac failure and an index of such failure and because such increase 
ean be determined accurately and easily, the author feels that venous pressure 
determinations should receive more attention, and in this book he writes especially 
for the clinician. 

E. H. 
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Les ANEVRYSMES ARTERIO-VEINEUX, By Raymond Grégoire, Professor of the Paris 
Faculty of Medicine and Surgeon to Tenon Hospital. Bailliére, Paris, 1930. Pp. 


214 (with 5 plates and 8 figures). 


Experimental work and observations made during the War have enlarged our 
knowledge of arterio-venous aneurysms. Professor Grégoire, by study and ex- 
perience, is specially qualified to discuss this subject, and in this monograph he 
emphasizes the pathological physiology and presents his own ideas and technique of 
operative treatment. He illustrates his text with well-chosen drawings and ease 
reports, and discusses the subject under the headings of causes, pathological anatomy, 
physical signs and their physiological meaning, prognosis, diagnosis and treat- 
ment. The chapters on treatment and on aneurysms in particular locations fill 
the second half of the book and should be very useful. 

E. H. 


THE VOLUME OF THE BLOOD AND PLASMA IN HEALTH AND DISEASE. By Leonard G. 
Rowntree, and George E. Brown with the Technical Assistance of Grace M. Roth. 
Philadelphia, 1929, W. B. Saunders Company. 


This little book is timely and welcome. It presents in condensed form the avail- 
able knowledge concerning the variations in blood and plasma volume found in 
normal individuals and in many disease conditions, and represents the accumulated 
results of a number of years of patient careful work. The need of supplementing 
our routine blood examinations by some method of measuring the total volume of 
the blood must long have been felt by every thoughtful clinician, but no such 
method has yet come into general use. The authors are convinced that the dye 
method, introduced by Keith, Rowntree and Geraghty fifteen years ago, has stood 
the test of time and that it is a ‘‘practical procedure of great clinical importance. ’’ 
It seems probable that the appearance of this book will do much to popularize the 
use of the dye method and that it will attract attention to the importance, in any 
clinical study of the blood, of a variable which hitherto has received much less 
consideration than it deserves. 
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